


LIST OF TECHNICAL APPENDICES
(SEPTEMBER 1997)

VOLUME ONE Development of the No-Action Alternative
Summary of Pre-CVPIA Conditions
Evaluation of Preliminary Alternatives
Public Involvement

VOLUME TWO Surface Water Supplies, and Facilities Operations
Soils and Geology
Groundwater
CVP Power Resources

VOLUME THREE Fisheries

VOLUME FOUR Vegetation and Wildlife
Recreation
Fish, Wildlife and Recreation Economics

VOLUME FIVE Agricultural Economics and Land Use
Water Transfer Opportunities
Municipal and Industrial Land Use and Demographics
Municipal Water Costs
Regional Economics
Social Analysis

VOLUME SIX Visual Resources
Air Quality
Cultural Resources
Delta as a Source of Drinking Water

VOLUME EIGHT CVPM M/M
CVPTM M/M
Municipal Water Costs M/M
IMPLAN M/M

VOLUME NINE Fish Habitat Water Quality M/M
Vegetation and Wildlife M/M
Recreation M/M
Fish Wildlife and Recreation Economics M/M

Draft PEIS September 1997

C--083448
C-083448



GAP

NOTED

C--083449
C-083449



CENTRAL VALLEY PROJECT IMPROVEMENT ACT
PROGRAMMATIC ENVIRONMENTAL IMPACT STATEMENT

DRAFT METHODOLOGY/MODELING TECHNICAL APPENDIX

PROSlM M/M

September.1997 _

C--083450
G-083450



TABLE OF CONTENTS

Items Page

List of Abbreviations and Acronyms ............. ..........................ix

I. Introduction ..................................................... I-1
Purpose of Model for the PEIS ...................................... I-2
History of Development of PROSIM ..................................I-2
Overview of Existing Documentation .................................I-3
Integrated Modeling Process (Interaction with Other Analytical Tools) .......I-3

Groundwater .................................................. I-5
Power ...................................................... I-5
Agricultural Production Economics ................................ I-6
Municipal and Industrial (M&I) Economics ..........................I-6
Water Temperature ............................................ I-6
Water Quality ................................................ I-6
Vegetation and Wildlife ......................................... I-6
Fisheries .................................................... I-6
Fish, Wildlife, and Recreation Economics ........................... I-6

I1. Description of PROSIM ........................................... I1-1

Introduction ........................................... ~ ......... I1-1
Model Study Area ................................................ I1-1
Theoretical Basis of the Model ......................................11-6
Computational Process ........................................... 11-7

Beginning of Year Computations ..................................11-7
Spring Time Computations .......................................11-7
General Monthly Simulation ....................................11-12
Initialization .............................................. ,.. 11-13
Northern Simulation (North of Delta) ..............................11-13
Southern Simulation (South of Delta) ...........................11-18
Delta Simulation ............................................. 11-20
Power Generation ............................................ 11-22

Types of Input and Output Data ....................................11-25
Limitations on Use of Model Results ................................11-29

II1. Additional Logic Development for the PEIS ...........................II1-1

Introduction .................................................... II1-1
Relation of PEISIM with PROSIM ...................................II1-1
PEISIM Nodes ................................................. 111-2
PEISIM Switches ............................................... 111-2

PROSIM M/M i September 1997

C--083451
C-083451



Draft PEIS Table of Contents

Items Page

PEISIM Simulation Options and Modifications .........................111-4
Additional Target Flows ........................................ 111-4
Water from Unspecified Upstream Sources ........................111-8
Delta Smelt Biological Opinion Flow Requirements ..................111-8
Additional Delta Outflow Requirements ............................111-9
Third Party Sharing .......................................... II1-11
X2 Position as a Time Series .................................. 111-12
Diversions for East Bay Municipal Utility District (EBMUD) ............111-12
Delta Cross Channel Gates and Georgiana Slough .................111-13

PEISIM MCF .................................................. 111-13
PEISIM Input and Output ........................................ 111-13

PEISIM Input Files .......................................... 111-13
PEISIM Output Files and Utilities ...............................111-22

IV. Data Development for the PEIS ....................................IV-1

Introduction .................................................... IV-1
Development of the Base Data Set .................................IV-1

Pre-Operated Eastside Streams Flow to Delta File (CMC) .............IV-1
Deficiency File for CVP Project Demand Nodes (DFC) ................IV-1
Deficiency File for SWP Project Demand Nodes (DFS) ...............IV-2
Minimum Delta Outflow Requirement Data File (DLT) ................IV-2
Delta Outflow Index File (DOI) ..................................IV-2
EPA’S X2 Requirements File (EPA) ..............................IV-3
Flood Control File (FLD) ....................................... IV-3
Minimum Flow Requirements Time Series File (FTS) .................IV-3
Minimum Flow Requirements File (FWQ) ..........................IV-3
Generation Data File (GEN) ....................................IV-4
Groundwater Control/Return Flow Percentage File (GWC) ............IV-4
Groundwater Pumping File (GWP) ...............................IV-4
Hodge Decision Requirement File (HDG) ..........................IV-5
Inflow Time Series (INF) ....................................... IV-5
MDO Input with Both Gates Open File (MDO-O) ....................IV-5
Power File (POW) ............................................ IV-5
Delta Exports-to-Inflow Ratio File (RAT) ...........................IV-5
Reservoir File (RES) .......................................... IV-5
Pre-Operated San Joaquin Flow to Delta File (S JR) ..................IV-6
Rio Vista and Cross Channel Gates Criteria File (XCG) ...............IV-6
Year Type File (YRT) ......................................... IV-6
Development of Hydrology and Demands for the PEIS ...............IV-6
Development of Hydrology for 1995 and 2020 Levels .......¯ ......... IV-8
Development of Demands for 1995 and 2020 Levels ................IV-22
Deficiencies -- CVP .......................................... IV-29
Deficiencies -- SWP ......................................... IV-30
Efficiencies ................................................ IV-30

PROSIM M/M ii September 1997

C--083452
C-083452



Draft PEIS Table of Contents

Items Page

PEISIM Filenaming Conventions ..................................IV-31
Input Files ................................................. IV-31
MCFs ..................................................... IV-33
Output Files ................................................ IV-35

V. Simulation of PEIS Alternatives ....................................V-1

Introduction .................................................... V-1
No-Action Alternative Simulation ...................................V-1

Physical Facilities ............................................ V-2
Minimum Flow Requirement Criteria ..............................V-4
Pre-Operated San Joaquin River and Eastside Streams ..............V-4
Coordinated Operations Agreement (COA) ........................V-6
Wheeling ................................................... V-6
PEISIM Representation of the Bay-Delta Plan Accord ................V-6

Alternative 1 .................................................. V-12
Alternative 1.1 - Simulation with (b)(2) Water Management ...........V-12
Alternative 1.2 - Simulation with (b)(2) Water Management
and Firm Level 2 Refuge Deliveries .............................V-14
Alternative 1.3 - Simulation with (b)(2) Water Management, Firm
Level 2 Refuges, and Revised Preliminary Trinity River Flow Pattern ... V-14

Alternative 2 Simulation ......................................... V-15
Acquisitions for Level 4 Refuge Deliveries ........................V-15
Water Acquisition ............................................ V-16

AJternative 3 Simulation ......................................... V-16
Water Acquisition ........................................... V-16

Alternative 4 Simulation ......................................... V-17
Water Acquisition ........................................... V-17
Delta Operations ............................................ V-18
Minimum Instream Flow Requirements ...........................V-20

Supplemental Analysis la Simulation ..............................V-20
EC Criteria ................................................. V-21
Increase Delta Export/Inflow Ratio ..............................V-21

Supplemental Analysis ld Simulation ..............................V-21
Deficiency Criteria ........................................... V-21

Supplemental Analysis, Cumulative Impacts Simulation ................V-21
Increases to CVP Contracts ................................... V-22
Reductions in M&I Demands ................................... V-22
East Bay Municipal Utility District (EBMUD) .......................V-22
Minimum Instream Flow Requirements ...........................V-23

No Bay-Delta Plan Accord Simulation ..............................V-23
CVP Operations ............................................ V-24
Pre-Operated San Joaquin River and Eastside Streams .............V-24
Delta and COA Criteria ....................................... V-24
Wheeling .................................................. V-25

PR OSIM M/M iii September 199 7

C--083453
C-083453



Draft PEIS Table of Contents

Items Page

Cross Channel Gate Operations, Export Curtailments, and Deficiencies . V-26
PEISIM Representation of SWRCB Water Quality Control Plan of
August 16, 1978 (D-1485) ..................................... V-27

Early 1990s Conditions Simulation .................................V-29
1995 Level of Development ...................................V-30

Recent Conditions Simulation .................................... V-30
1995 Level of Development ...................................V-31
Reservoir Storage Levels ..................................... V-31

Early 1980s Conditions Simulation ................................. V-31
Reduced CVP Contracts ...................................... V-31
Minimum Instream Flow Requirements ...........................V-32
Reservoir Storage Levels ..................................... V-32
Pre-Operated San Joaquin River and Eastside Streams Flows; Inflows
to Mendota Pool ............................................ V-32

VI. Bibliography ................................................... VI-1

PROSIM M/M iv September 1997

C--083454
C-083454



LIST OF TABLES

Items Parle

Table I1-1 Variables and Variable Definitions .........................11-16

Table 11-2 PROSIM Base Input Files ................................11-26

Table 11-3 PROSIM Output Utilities .................................11-29

Table II1-1 PEISIM Overlay Nodes .................................. 111-4

Table 111-2 Additional User-Defined Switches in PEISIM .................111-5

Table 111-3 PEISIM Basins for Simulation of Additional Target Flows ........111-7

Table 111-4 Modifications for PEISIM MCF ........................... 111-14

Table 111-5 SHR Input File ........................................ 111-16

Table 111-6 X2 Input File ......................................... 111-17

Table 111-7 DL2 Input File ........................................ 111-17

Table 111-8 RVL Input File ........................................ 111-18

Table 111-9 RVL Input File -- Storage-Based Criteria ...................111-19

Table 111-10 RV-I" Input File ........................................ 111-19

Table II1-11 RVP Input File ........................................ 111-20

Table 111-12 RVB Input File ........................................ 111-20

Table 111-13 DLF Input File ........................................ 111-21

Table 111-14 DLC Input File .................. ...................... 111-21

Table 111-15 UNI Input File ........................................ 111-22

Table 111-16 PEISIM Output Variables ............................... 111-24

Table IV-1 Relation of PROSIM and DWRSIM Inflows .................IV-12

Table IV-2 Average Annual Gains by PROSIM Node ...................IV-12

PR OSIM M/M v September 19 9 7

C--083455
C-083455



Draft PEIS List of Tables

Items Page

Table IV-3 Consumptive Use/Depletion Analysis Depletion Study Areas
and PROSIM Nodes ................................... IV-13

Table IV-4 DSA58 -- PROSIM Node 5 Gain Components ..............IV-15

Table IV-5 DSA10 m PROSIM Node 6 Gain Components ..............IV-15

Table IV-6 DSA15 -- PROSIM Node 7 Gain Components ..............IV-16

Table IV-7 DSA12 -- PROSIM Node 9 Gain Components ..............IV-16

Table IV-8 DSA69 -- PROSIM Node 12 Gain Components .............IV-17

Table IV-9 DSA70 -- PROSIM Node 13 Gain Components .............IV-18

Table IV-10 DSA65 ~ PROSIM Node 50 Gain Components .............iV-19

Table IV-11 Projected PEIS CVP Contracts Simulated in PEISIM ..........IV-23

Table IV-12 Projected PEIS CVP Refuge Contracts Simulated in PEISIM ... IV-25

Table IV-13 Projected PEIS SWP Entitlements Simulated in PEISIM .......IV-26

Table IV-14 Pre-Processed American River Deficiencies for Contract
Year 1977 (2020 Level of Development Only) ...............IV-30

Table IV-15 Types of PROSIM/PEISIM Input Files .....................IV-32

Table IV-16 PEISIM Input File Extensions ............................IV-33

Table IV-17 PEISIM Input Files by Alternative and Supplemental Analysis
Simulations .......................................... IV-34

Table IV-18 PEISIM Simulation Abbreviations .........................IV-35

Table V-1 Reservoir Characteristics ................................ V-3

Table V-2 Monthly Physical and/or Regulatory Pumping Limits ...........V-3

Table V-3 Facility Capacities ...................................... V-4

Table V-4 Minimum and Maximum Instream Flow Requirements ..........V-5

PROSIM M/M vi September 1997

C--083456
C-083456



Draft PEIS List of Tables:

Items Page

Table V-5 M&I Water Quality Standards at the Contra Costa Canal
(Pumping Plant #1) ..................................... V-7

Table V-6 EC Standards at Emmaton ............................... V-8

Table V-7 EC Standards at Jersey Point ............................. V-8

Table V-8 Minimum Required Delta Outflow ..........................V-9

Table V-9 Sacramento River Flow Standards at Rio Vista ..............V-10

Table V-10 Maximum Allowable Delta Export Ratios ................... V-10

Table V-11 Cross Channel Gates Operations .........................V-11

Table V-12 Alternative 4 Cross Channel Gates Operations ..............V-20

Table V-13 No Bay-Delta Plan Accord: Monthly Physical
and/or Regulatory Pumping Limits ........................V-24

Table V-14 D-1485 Cross Channel Gates Operations ..................V-26

Table V-15 D-1485 M&I Water Quality Standards at Contra Costa
Canal Intake ......................................... V-27

Table V-16 D-1485 Striped Bass Survival Standards at Chipps Island ......V-28

Table V-17 D-1485 Sacramento River Flow Standards at Rio Vista ........V-29

PR OSIM M/M vii September 199 7

C--083457
C-083457



LIST OF FIGURES

Items Parle

Figure I-1 Relationship of Analytical Tools ............................I-4

Figure I1-1 CVP and SWP Areas of Water Use .........................11-2

Figure 11-2 PROSIM Facilities ....................................... 11-3

Figure 11-3 Schematic Diagram of the PROSIM Model ....................11-4

Figure 11-4 PROSIM Program Overview ...............................11-8

Figure 11-5 PROSIM Monthly Loop Overview ..........................11-14

Figure 11-6 PROSIM Monthly Simulation Overview ......................11-15

Figure 11-7 PROSIM Northern Simulation Overview .....................11-19

Figure 11-8 PROSIM Southern Simulation Overview .....................11-21

Figure 11-9 PROSIM Delta Simulation Overview ........................11-23

Figure 11-10 CVP Power Facilities .................................... 11-24

Figure I1-11 PROSIM Framework ....................................11-28

Figure II1-1 Location of New Code in PROSIM .... .....................111-3

Figure 111-2 PEISIM Computation of Additional Target Instream Flow
Requirements ......................................... 111-6

Figure 111-3 PEISIM Computation of Delta Outflows ....................111-10

Figure IV-1 Consumptive Use and Depletion Analysis Models .............IV-9

Figure IV-2 Depletion Study Areas North of the Delta ...................IV-10

Figure IV-3 Depletion Study Areas North of the Delta and PROSIM Facilities IV-ll

Figure IV-4 PROSIM Gains Computation Schematic ...................IV-14

PR OSIM M/M viii September 199 7

C--083458
C-083458



LIST OF ABBREVIATIONS AND ACRONYMS

ACTWHL37
Banks Pumping for CVP Needs at PROSIM Node 37
California Aqueduct

CAQ cubic feet per second
cfs Coordinated Operations Agreement
COA
Corps

Army Corps of Engineers
DWR’s Consumptive Use Model

CU Central Valley Groundwater Surface Water Model
cvGSM
CVP

Central Valley Project

CVPIA
Central Valley Project Improvement Act
Central Valley Agricultural Production Model

cvPM
CVP-0CAP

Central Valley Project - Operations Criteria and Plan
Conveyed Water Supply Adequacy

cWSA DWR’s Depletion Analysis Model
DA San Francisco Bay Delta
Delta Delta Consumptive Use
Delta CU California Department of Fish and Game
DFG Depletion Study Area
DSA Delta Mendota CanalDMC Dedicated Water Management
DWM California Department of Water Resources SWP/CVP Simulation
DWR
DWRSIM

DWR Planning Model Support Branch’s Monthly

Model

Eastside StreamS
Calaveras, Mokelurnne, and Cosumnes Rivers

EBMUD
East Bay Municipal Utility District
Electrical Conductivity

EC Feather River Service Area
FRSA Hodge’ s Decision Requirement Input File
HDG municipal and industrial
M&I Master Control File
MCF Minimum Delta Outflow
MDO Minimum Required Delta Outflow
MRDO

Net Delta Outflow IndexNDOI National Marine Fisheries Service
NMFS Non-Project Demand
NPD Overall Water Supply Adequacy
OWSA Project Dependable Capacity
PDC
PDEL37

Average Monthly Project Deliveries, Node 37
Programmatic Environmental Impact Statement

PEIS
PEISIM

CVPIA PEIS Simulation Model

PROSIM
Reclamation’s Monthly CVP/SWP Simulation Model

Potential to Relax Southern Deficiencies
PRSD
Reclamation U.S. Bureau of Reclamation

SANJASM
San Joaquin Area Simulation Model

September 1997

PROSIM M/M

C--083459
C-083459



Draft PEIS List of A bbreviations an d Acronyms

SCHISM SWP/CVP Hydrologic Integrated Simulation Model
Service U.S. Fish and Wildlife Service
SPACEQ3 PROSIM Releases for Delta Needs
SPACEQ4 PEISIM Releases for X2 Needs
SWRCB State Water Resources Control Board
SWP State Water Project
tar thousand acre-feet
UMRDO Unmodified Minimum Required Delta Outflow
WARO Water Available to be Reoperated

PR OSIM M/M x September 1997

C--083460
C-083460



CHAPTER I

INTRODUCTION

C--083461
G-083461



Chapter I

INTRODUCTION

In this technical appendix, the term "PROSIM" refers to the U.S. Bureau of Reclamation’s
(Reclamation) planning ~ects SI__mulation Model version 5.49 and the term "PEISIM" refers
to a modified version of PROSIM that includes additional code and input data files specific to the
PEIS analyses. Although these additional features are only used in Alternatives 2, 3, 4, and 5,
PEISIM was used to simulate all alternatives. In all other technical appendices the term
"PROSIM" is used loosely, referring to PEISIM.

The purpose of this technical appendix is to document the hydrologic modeling that was done
using PEISIM for the PEIS. To accomplish this, first a brief overview of PROSIM is presented.
Discussion of PROSIM 5.49 applies directly to PEISIM since PEISIM is a superset of PROSIM
5.49. Second, the modifications made to PROSIM are discussed. Third, the development of the
input files used as a starting point for the PEIS effort is presented. Finally, the assumptions used
in modeling each of the alternatives are discussed, i.e., the changes in the input files for each
alternative and what those changes are intended to represent are discussed.

This appendix is intended to build upon and should be used in conjunction with existing
PROSIM documentation to provide a full understanding of PEISIM. It is assumed that the reader
has a general knowledge of hydrology and hydrologic planning models.

PROSIM is a monthly planning model designed to simulate the hydrologic system comprised of
the Central Valley Project (CVP) and State Water Project (SWP). This model uses a modified
hydrologic sequence which is meant to be representative of future hydrology. Operations of
these Projects for the purposes of water supply, flood control, recreation, maintenance of
instream flows, water quality, fish and wildlife, hydroelectric power generation, etc. are defined
by the user via input data files. The model is intended to be a tool to aid the user in determining
impacts of proposed changes to the system. This is a three step process. First, the user simulates
the system with a base set of input data files that reflect a desired base condition/scenario.
Second, the user simulates the system with an alternative set of input files that reflect a proposed
alternative condition/scenario. Third, the user infers impacts based on the changes in simulated
storages, flows and power generation. PEISIM, like PROSIM, is intended to be used strictly in a
comparative manner.

Subsequent to the completion of the surface water modeling conducted for the PEIS,
Reclamation and the Service have discovered an inconsistency in the PROSIM input hydrology
that may cause the model to over estimate the potential flexibility of CVP operations. As a
result, current PROSIM simulations may under estimate the use of CVP shortage and conversely
over estimate water deliveries in some critical dry years. This inconsistency affects all of the
PEIS simulations, including the No-Action Alterative, and has a minimal impact on the relative
differences between the simulations. Therefore, there is little effect on the comparison of surface
water issues in the PEIS, due to the general programmatic nature of the PEIS analyses and the
comparative use of the PROSIM simulation results. However, this reduction in operational
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flexibility in the No-Action Alternative may make incremental reductions in water availability in
the other alternatives more difficult to accommodate operationally.

PURPOSE OF MODEL FOR THE PEIS

PEISIM was used to evaluate the effects of the CVPIA on CVP and SWP system operations and
water deliveries. To that end, the following capabilities of PROSIM were useful to the PEIS
analysis:

¯ Deficiencies for CVP and SWP contractors are computed dynamically, on the basis of water
supply and conveyance capacity. Certain CVP contractors such as the Sacramento River
Water Rights holders and the San Joaquin Exchange contractors also take into account the
Shasta criteria, an inflow hydrology criteria used to determine their deficiency criteria.

¯ Tracy and Banks pumping plant exports are computed on the basis of available water supply
and conveyance capacities of downstream channels.

¯ The Delta Cross Channel gates are operated dynamically based on the Sacramento River
flows and regulatory requirements.

¯ Specification of minimum instream flow requirements is flexible.

¯ The manner in which reservoirs meet needs downstream of more than one reservoir is
flexible.

¯ Incidental CVP power generation and Project use is calculated.

HISTORY OF DEVELOPMENT OF PROSlM

In 1987, Reclamation entered into a contract with Boyle Engineering to design and build a new
CVP/SWP planning simulation model. Boyle was primarily responsible for the development of
the initial input data. The model’s code was primarily developed by the Maryland office of
Water Resources Management Incorporated as a subcontract to Boyle. In October 1989, Boyle
submitted the final product, the SWP/C_VP _~_ydrologic Integrated Simulation Model (SCHISM),
to Reclamation.

Since that time, Reclamation has made over 300 modifications to SCHISM, including changing
its name to PROSIM. Some modifications were made to facilitate the input of data or the output
of model results. Others were made to enable the model to handle newly devised constraints and
regulations (e.g., QWEST, X2, Delta Exports-to-Delta Inflow Ratio requirements). Still other
modifications were made to improve the model’s ability to simulate the system with existing
regulations and policies (e.g., determine deficiency levels March 1 based on the system’s
condition, determine Fremont and Sacramento Weirs’ flows based on flow in the river, reflect the
unique Feather River minimum flow requirements, maintain Rio Vista standards). Through these
modifications, the model has grown threefold to over 15,000 lines of code. The resultant
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PROSIM 5.49 is a very flexible, powerful tool with which to analyze long term water supply
impacts to the CVP and/or SWP systems.

Reclamation has used PROSIM on numerous occasions internally to assess the impact of
proposed changes (e.g., Bay-Delta standards, Recirculation of Delta Mendota Canal [DMC]
flows) on Project water supply reliability. External studies with Reclamation involvement that
used PROSIM to some degree include the following:

¯ The Consolidated and Expanded Place of Use
¯ Interim Folsom Re-Operation
¯ American River Water Resources Investigation
¯ American River Watershed Project, California
¯ Water Augmentation
¯ Trinity River EIS

Development of PEISIM from PROSIM is discussed in detail in Chapter 3.

OVERVIEW OF EXISTING DOCUMENTATION

Reclamation began development of a User’s Manual for PROSIM version 5.57 in 1995. The
document has not been fully reviewed/finalized by Reclamation. It is the most updated
reference available at this time. The User’s Manual is applicable to version 5.49 with two
exceptions:

¯ PROSIM 5.49 contains outdated Tulare logic that is removed in PROSIM 5.57
¯ PROSIM 5.49 does not contain the turbine bypass logic included in PROSIM 5.57

Neither item is pertinent to the PEIS work. The document includes an overview of the model
and descriptions of the computational process, input requirements, model execution, model
output, and output utilities.

INTEGRATED MODELING PROCESS
(INTERACTION WITH OTHER ANALYTICAL TOOLS)

The PEIS effort was conducted using an integrated modeling process that included the use of
over ten different analytical tools. The environmental effects of the PEIS alternatives were
assessed in relation to the No-Action Alternative using an integrated water balance approach.
The central features of this approach were the two reservoir/stream flow operations models,
PEISIM and SANJASM (see the SANJASM Methodology/Modeling Technical Appendix for a
detailed discussion of this model). These models were used interactively with other analytical
tools to simulate the operations of the CVP and SWP in the PEIS Alternatives. This interaction
is outlined in Figure I-1. For a more detailed description, see the Analytical Tools Technical
Appendix.
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The PEIS alternatives impacts assessment was initiated with an analysis of CVP operations using
PEISIM and SANJASM. These models were used to estimate the effects on the CVP system in
the form of changes to reservoir operations, stream flows, water deliveries, Delta inflow,
outflow, and exports. The PEIS alternatives changed CVP operations, priorities, and the
resulting model outputs from each model. Because PEISIM uses SANJASM output and vice
versa, some iteration between PEISIM and SANJASM was required. For each alternative, this
iterative process was continued until the output from one model no longer caused the output from
the other model to vary from that of the previous iteration. Although output from both models
was used in other resource area analyses, only PEISIM is discussed in this section (see the
SANJASM Methodology/Modeling Technical Appendix for a detailed discussion of its
integrated modeling process).

Some of the primary inputs to the PEISIM analysis were outputs from other models, including:

¯ Hydrologic data (from the California Department of Water Resources’ (DWR) Consumptive
Use (CU) and Depletion Analysis (DA) models)

¯ Water demands (from the CU/DA models and specific water agencies)

These data were used to develop water demand, reservoir inflow, and local accretion/depletion
data for the 1995 and 2020 levels of development used in the PEIS altematives (see the section,
Development of Hydrology and Demands for 1995 and 2020 Levels, in Chapter 4 for a more
detailed discussion). For a discussion of PEISIM assumptions regarding groundwater, see the
same section. Please see the Central Valley Groundwater Surface Water Model (CVGSM)
Methodology/Modeling Technical Appendix for a discussion of the adjustments to groundwater
necessitated by its inclusion in PEISIM. Other primary inputs included water use data (from
water agencies) and CVP operational criteria as defined by the PEIS alternatives.

Discussed below is the use of PEISIM results in the other issue areas that were assessed in the
PEIS.

GROUNDWATER

The groundwater analysis performed in the Central Valley Groundwater Surface Water Model
(CVGSM) relied on PEISIM output in the form of reservoir releases, diversions, and river flows
from adjacent watersheds. CVGSM required these data in its accounting of groundwater and
surface water interactions. The resulting groundwater levels and groundwater pumping
simulated by CVGSM served as input to the Central Valley Agricultural Production Model
(CVPM) analysis.

POWER

Simulated PEISIM reservoir storages and releases were used to determine the available capacity
and energy of the CVP’s power plants. This information was then used to analyze the value of
CVP power.
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AGRICULTURAL PRODUCTION ECONOMICS

Simulated water deliveries to CVP divisions derived from the PEISIM analysis were used as
inputs to the CVPM agricultural production analysis. Along with other information, CVPM used
PEISIM output to determine water use, crop production, farm income, and irrigated acreage.

MUNICIPAL AND INDUSTRIAL (M&I) ECONOMICS

The M&I analysis used differences in CVP and SWP deliveries estimated by PEISIM, along with
other data, to assess the economic effects of the alternatives on M&I users.

WATER TEMPERATURE

Simulated reservoir inflows and releases from PEISIM were used in the temperature model to
simulate reservoir temperature profiles, evaporation estimates, and release temperatures. PEISIM
reservoir releases, downstream flows, and accretions were used to simulate river water
temperatures below the reservoirs. PEISIM and the temperature model were run interactively for
the Sacramento River in order to minimize temperature violations of the 1993 Biological
Opinion for winter-run salmon. This often involved reoperating the CVP to hold Shasta at higher
storages.

WATER QUALITY

The output from PEISIM was used to identify changes in conditions that affected surface water
and fish habitat water quality.

VEGETATION AND WILDLIFE

Simulated reservoir elevation and surface area as well as river flows were used as some of the
inputs to the vegetation and wildlife habitat evaluation.

FISHERIES

Reservoir fisheries variables likely affected by implementation of the CVPIA included reservoir
water surface elevation and area output from PEISIM. Riverine fisheries variables likely affected
include river flow, facilities operations, and diversions. Output used in the Bay-Delta fisheries
impact analysis included river inflow, Delta diversions, and facility operations.

FISH, WILDLIFE, AND RECREATION ECONOMICS

For the different issue area analyses within Fish, Wildlife, and Recreation Economics, various
PEISIM output on water conditions was used, including reservoir levels and river flows.
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Chapter II

DESCRIPTION OF PROSIM

INTRODUCTION

PROSIM is a regional planning model which represents the CVP and SWP systems as a network
of 55 computation points or nodes depicting reservoirs, diversions, stream reach accretions,
depletions, outflows, and pumping plants. The nodes are connected by links representing river
and canal reaches. The model is intended to be a tool for approximating water supply impacts
(and power impacts for the CVP) of proposed changes to the CVP and SWP systems.

The model includes the following reservoirs: Clair Engle Lake, Whiskeytown Lake, Shasta Lake,
Keswick Reservoir, Lake Oroville, Folsom Lake, Nimbus, New Melones Reservoir, East Branch
Lakes, and West Branch Lakes. San Luis Reservoir is modeled as two reservoirs, one for the
SWP and one for the CVP. Also included in the model are Spring Creek Tunnel, Clear Creek
Tunnel, California Aqueduct (CAQ), Delta Mendota Canal (DMC), and Tracy and Banks
pumping facilities. Also represented are the Delta water quality requirements. Although the
Eastside Streams (including the Cosumnes, Mokelumne, and Calaveras Rivers) and the San
Joaquin River systems may be simulated in PROSIM, for the PEIS a more detailed analysis was
performed using in the San Joaquin Area Simulation Model (SANJASM). In PROSIM, the net
monthly flows from the Eastside Streams and San Joaquin River were treated as direct
contributions to the Delta.

PROSIM and its output utilities are written in FORTRAN and have been used on microcomputers
and UNIX based workstations.

MODEL STUDY AREA

The general area served by the CVP and SWP systems is presented in Figure II-1. The major
features represented in PROSIM are presented in Figure II-2. PROSIM’s representation of the
combined system is given schematically in Figure II-3.

The overall system is divided into ten subsystems for discussion purposes. Detailed nodal
schematics of each subsystem are provided in the PROSIM User’s Manual (Reclamation, 1995).
The following is a brief description of each subsystem:

¯ Trinity-Shasta Subsystem. This subsystem covers the upper reaches of the Trinity River Basin
and the upper portion of the Sacramento River Basin down to but not including Red Bluff.
PROSIM simulates operations of Clair Engle Lake, Clear Creek Tunnel, Whiskeytown Lake,
Spring Creek Tunnel, and Shasta Lake. Input inflow data for Clair Engle, Whiskeytown, and
Shasta Lakes are assumed to properly account for all upstream activities. Lewiston Lake and
Keswick Reservoir are assumed to have no appreciable usable storage.
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FIGURE I1-1

CVP AND SWP AREAS OF WATER USE
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PROSIM FACILITIES
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SCHEMATIC DIAGRAM OF THE PROSIM MODEL
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¯ Red Bluff-Teharna Colusa Subsystem. This subsystem covers the middle reaches of the
Sacramento River Basin from Lake Red Bluffdown to and including the Navigation Control
Point (NCP). PROSIM simulates diversions along the Sacramento River in tliis area on an
aggregated basis. Detailed operations of the numerous small diversion facilities are not
simulated.

¯ Feather River Subsystem. This subsystem covers the Feather River Basin to the confluence
with the Sacramento River. PROSIM simulates operations of Lake Oroville and aggregated
diversions downstream. Input inflow data for Lake Oroville are assumed to properly account
for all upstream activities. PROSIM does not capture the interaction of the Thermalito
Forebay and Afferbay.

¯ American River Subsystem. This subsystem covers the American River Basin to the
confluence with the Sacramento River. PROSIM simulates operations of Folsom Lake and
aggregated diversions downstream. Input inflow data for Folsom Lake are assumed to
properly account for all upstream activities. Lake Natoma is assumed to have no appreciable
usable storage.

¯ Lower Sacramento River Subsystem. This subsystem covers the lower reaches of the
Sacramento River Basin down to but not including the Sacramento-San Joaquin Delta. Also
included is the west side tributary to the Yolo Bypass. PROSIM simulates spillage of the
Fremont and Sacramento Weirs.

¯ Eastside Streams Subsystem. This subsystem covers the Cosumnes, Mokelurnne, and
Calaveras River basins. In the PEIS, this subsystem is operated in SANJASM.

¯ San Joaquin River Subsystem. This subsystem covers the Stanislaus River Basin from New
Melones Reservoir to the mouth. In the PEIS, this subsystem is operated in SANJASM.

¯ Delta Subsystem. This subsystem covers the Sacramento-San Joaquin Delta including inflows
from both river systems and exports by the Tracy and Banks pumping plants. PROSIM also
simulates deliveries to the North Bay Aqueduct and Contra Costa Canal.

¯ CAQ Subsystem. This subsystem covers the area served by the CAQ from the Banks
pumping plant down to its terminus. PROSIM simulates operations of the Aqueduct and the
SWP’s share of San Luis Reservoir. Silverwood Lake and Lake Perris are simulated as one
aggregated storage facility called East Branch and Pyramid Lake and Castaic Lake as another
called West Branch.

¯ DMC Subsystem. This subsystem covers the area served by the DMC from the Tracy
pumping plant down to its terminus. PROSIM simulates operations of the DMC and the
CVP’s share of San Luis Reservoir.

The northem part of the valley (particularly the Trinity-Shasta, Feather River, and American River
Subsystems) collects most of the runoff, including imports from the Clair Engle Lake via the
Spring Creek and Clear Creek Tunnels. The primary export area is in the southern part of the
valley which is served by the Califomia Aqueduct and the Delta Mendota Canal Subsystems.
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THEORETICAL BASIS OF THE MODEL

PROSIM Simulates the CVP and SWP reservoir and stream system based on a mass balance
approach using a monthly time step. Because of the monthly time step, surface water is assumed
to reach its destination in the same month as it is released. Therefore, hydraulic routing is not
performed in the model. Although many inputs may be specified in terms of cubic feet per second
(cfs), PROSIM converts those values to monthly volumes. Hourly, daily, and weekly phenomena
such as storm events are not captured by PROSIM. Certain regulatory requirements of less than a
month duration are approximated. The minimum simulation period is one year; the maximum
simulation period is currently seventy years.

The model is driven by reservoir rules and demands for water downstream (including minimum
instream flow requirements and Delta outflow requirements). Reservoirs are first operated
according to the maximum allowable storage rules, flood control rules, minimum reservoir storage
rules, and powerhouse discharge capacities. Additional releases are then made to satisfy any
unmet downstream demands for water. PROSIM logic divides water demands into four groups:

¯ non-project demands
¯ project demands
¯ negative accretions
¯ minimum instream flow requirements

Non-project demands are considered senior in right to project demands because of their status
under the California Basin of Origin Statutes. The model meets these demands with a
combination of groundwater and surface water. No deficiencies are imposed on non-project
entities since there is no institutional mechanism for doing so. The non-project demands are
passed to PROSIM via the non-project demand (NPD) input file. For detailed information on the
development of the input data used in the PEIS work, refer to later chapters in this technical
appendix.

CVP and SWP project Sacramento Valley demands are split into agricultural demands and
municipal & industrial demands. These demands are considered junior to non-project demands in
the model. Unlike non-project demands, project demands are met with releases from project
storage, if needed. Delta export demands are SWP and CVP demands that occur along the CAQ
and the DMC. The model meets these demands solely from water pumped from the Sacramento-
San Joaquin Delta and any additional supplies available in the Mendota Pool. CVP and SWP
demands are separated, so that differing shortage strategies can be considered for the two sets of
users. Deficiencies may be imposed on supplies to northern CVP contractors based on overall
water supply conditions. Deficiencies may be imposed on supplies to CVP Delta export
contractors based on CVP overall water supply conditions or CVP conveyance limitations.
Similarly, deficiencies may be imposed on supplies to SWP Delta export contractors based on
SWP overall water supply conditions or SWP conveyance limitations. The deficiency process is
discussed in more detail later. The project demands are passed to PROSIM via the CVP
agricultural demand (PAG), CVP M&I demand (PMI), and SWP demand (SWP) input files. For
detailed information on the development of the input data used in the PEIS work, refer to later
chapters in this technical appendix.
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Instream flow requirements represent another "demand" for water. To the extent initial reservoir
releases and upstream accretions and return flows are inadequate to satisfy these flow
requirements, additional storage withdrawals are made. Minimum instream flow requirements can
be set downstream of each node in the model, either apriori or based on the state of the system as
the simulation progresses. This information is passed to PROSIM via the minimum instream flow
requirement (FWQ) input file. For detailed information on the development of the input data used
in the PEIS work, refer to later chapters in this technical appendix.

Negative stream accretions, i.e., losses or depletions, represent an additional demand for water.
To the extent initial reservoir releases and upstream accretions and return flows are inadequate to
satisfy these losses, additional storage withdrawals are made. These are computed apriori and
passed to PROSIM via the gains (GAN) input file. For detailed information on the development
of the input data used in the PEIS work, refer to later chapters in this technical appendix.

How these "demands" are satisfied in PROSIM is discussed in some detail in the next section.

COMPUTATIONAL PROCESS

Before any simulation can begin, PROSIM reads all the input data that are not in time series
format. Based on the data, PROSIM initializes selected values for the simulation. Simulations
begin in October (the first month of a water year) and continue through September (the last
month of a water year). The start and end years of the simulation are determined by the user (in
the PEIS alternatives, 1922 through 1990). Certain computations occur just once per water year,
some on October 1, the beginning of the water year, and some on March 1, the beginning of the
contract year. These two components of the computation process are discussed separately below.
At the end of each monthly simulation, the storage levels and flows throughout the system are
final. Thus, each month of the run is simulated only once.

A flow diagram summarizing the program simulation is presented in Figure II-4.

BEGINNING OF YEAR COMPUTATIONS

Before beginning the monthly simulation in October of each water year, PROSIM reads all time
series data for the upcoming year.

SPRING TIME COMPUTATIONS

By March 1, it is assumed that the water supply conditions for the remainder of the water year can
be forecast with some accuracy, so PROSIM makes some decisions based on projected water
supply conditions at this time. Operating criteria for groundwater pumping, reservoir storage,
some minimum instream flow requirements and deficiencies for SWP and CVP project demands
are set at the beginning of the "forecast month" for the subsequent 12 months.
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Begin Execution

Read Input
initialize Data
For the Run

Year = 0

Year = Year + 1

Read Input
Initialize Data
For the Year

Monthly Loop

Write Out Data
For the Year

FIGURE 11-4

PROSIM PROGRAM OVERVIEW
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Groundwater pumping, some minimum instream flow requirements, and reservoir operating
criteria are determined based on water year type, which is assumed to be known at this point. The
idea is that these criteria should be decided based on the year type which is known at the forecast
month, and not at the beginning of the water year. The effect is that the values for the criteria for
the first five months of the subsequent water year follow the year type for the previous water
year.

PROSIM can calculate the level of deficiency (L), or conversely, the level of delivery in a
particular year or it can use pre-determined deficiencies. How PROSIM determines deficiencies
depends on the input settings for the following logic switches KSWYTDEF, KSWXDEF,
KCDFBYTS, KSWPDEF, KSDFBYTS. Refer to the PROSIM User’s Manual (Reclamation,
1995) for details. The methodology used in the PROSIM modeling when deficiencies were not
pre-determined is discussed here. The methodology for the CVP system consists of three
evaluations. The first evaluation consists of the following steps:

1 a. On March 1 st of each year simulated, the overall water supply adequacy (OWSA) is
evaluated using the equation below:

+ Beginning-of-Month Storage in Clair Engle, Whiskeytown, Shasta, and Folsom lakes
(BSTOR)

+ March through September Inflow
+ Accretions
- Estimate of Uncapturable Water
+ Constant
- Minimum Flow Requirements
- System Condition Index
- Sum of all CVP Deliveries (reduced as determined by deficiency level)

The initial (default) deficiency level is used (full supply, which is the lesser of the input demand
and 100 percent of the contract amount).

lb. If the calculated OWSA is positive, then that deficiency level is used for the next twelve
months (at least upstream of the Delta - See discussion of Conveyed Water Supply
Adequacy).

lc. If the calculated OWSA is negative, then the system is not expected to be able to support
the assumed deliveries, meet system flow requirements, and have a adequate water supply
condition at the end of the water year (the last item is characterized by the System Condition
Index). If the calculated OWSA is negative, then any and all values for the System
Condition Index greater than or equal to the one used in the evaluation do not provide
adequate end-of-water year conditions given the delivery level assumed. Therefore, the
lowest tolerable System Condition Index value for the given level of deliveries should be
input. PROSIM assumes this is done by the user. Hence, a negative evaluation of the
OWSA results in PROSIM moving to the next deficiency level, i.e., next lower delivery
level.
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Id. Step one is repeated with the new deficiency level and the commensurate minimally tolerable
value for the System Condition Index. These steps continue until the calculated OWSA is
positive.

Once the deficiency level is determined based on the overall water supply adequacy evaluation,
the need for additional deficiency based on conveyance considerations for CVP contractors south
of the Delta is investigated. This second evaluation consists of the following steps:

2a. On March 1 st of each year simulated, the conveyed water supply adequacy (CWSA) is
evaluated using the equation below:

+ BSTOR (CVP San Luis only)
+ Adjusted1 Estimate of Tracy Exports
+ Usable Millerton Spills
+ Constant

Stun of Southern CVP Deliveries (reduced per the deficiency level)

x Gross compensation for the effects of Qwest or Delta Exports/Delta Inflow Ratio.

2b. If the calculated CWSA is positive, then that deficiency level is used for the CVP deliveries
south of the Delta for the next twelve months.

2c. If the calculated CWSA is negative, then the system is not expected to be able to support
the assumed deliveries south of the Delta and maintain a reasonable storage in CVP San
Luis. PROSIM therefore applies to the next deficiency level, i.e., next lower delivery level.

2d. Step one is repeated with the new deficiency level applied to the south of Delta contractors.
These steps continue until the calculated CWSA is positive.

Once the OWSA and CWSA evaluations are made on the 1st of the month as specified by
K_FRCST(mo)=I month (March), then a third evaluation may be made. IfKSWXDEF=2, this
third evaluation is performed to check if it is allowable for deficiencies to contractors south of the
Delta may be less than those to contractors north of the Delta. This evaluation is made on the 1st
of the month as specified by KDFSOLES(mo)=I (March).

This additional evaluation determines the final CVP deficiencies for the ensuing months for CVP
contractors south of Delta. This third evaluation consists of the following steps:

3a. Compute the sum of Southern CVP deliveries temporarily assuming deficiencies are relaxed
one level, i.e., the next higher delivery level.

3b. Evaluate the potential to relax southern deficiencies (PRSD) for CVP contractors using the
equation below:

+ BSTOR (CVP San Luis only)
+ AdjustedI Estimate of Tracy Exports
+ Usable Millerton Spills
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+ Constant
Sum of Southern CVP Deliveries (reduced per the relaxed deficiency level)

a Gross compensation for the effects of Qwest or Delta Exports/Delta Inflow Ratio.

3c. If the calculated PRSD is negative, then the previous deficiency level is reinstated as the
final level for the CVP deliveries south of the Delta for the months remaining in the contract
year.

3d. If the calculated PRSD is positive, then the system is expected to be able to support the
assumed deliveries south of the Delta and maintain a reasonable storage in CVP San Luis.
The potential for even more relaxation exists, PROSIM therefore applies the next lower
deficiency level, i.e., next higher delivery level.

3e. Step one is repeated with the new deficiency level applied to the south of Delta contractors.
These steps continue until the calculated PRSD is negative.

The methodology for the SWP system is identical to that of the CVP system except there is no
third evaluation. The first evaluation consists of the following steps:

la. On March 1st of each year simulated, the OWSA is evaluated using the equation below:

+ BSTOR in Lake Oroville
+ March through September Inflow
+ Accretions
- Estimate of Uncapturable Water
+ Constant

Minimum Flow Requirements
System Condition Index
Sum of all SWP Deliveries (reduced as determined by deficiency level)

The initial (default) deficiency level is used (full supply, which is the lesser of the input demand
and 100 percent of the contract amount).

lb. If the calculated OWSA is positive, then that deficiency level is used for the next twelve
months (at least upstream of the Delta - See discussion of Conveyed Water Supply
Adequacy).

lc. If the calculated OWSA is negative, then the system is not expected to be able to support
the assumed deliveries, meet system flow requirements, and have a adequate water supply
condition at the end of the water year (the last item is characterized by the System Condition
Index). If the calculated OWSA is negative, then any and all values for the System
Condition Index greater than or equal to the one used in the evaluation do not provide
adquate end-of-water year conditions given the delivery level assumed. Therefore, the
lowest tolerable System Condition Index value for the given level of deliveries should be
input. PROSIM assumes this is done by the user. Hence, a negative evaluation of the
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OWSA results in PROSIM moving to the next deficiency level, i.e., next lower delivery
level.

ld. Step one is repeated with the new deficiency level and the commensurate minimally tolerable
value for the System Condition Index. These steps continue until the calculated OWSA is
positive.

Once the deficiency level is determined based on the overall water supply adequacy evaluation,
the need for additional deficiency based on conveyance considerations for SWP contractors south
of the Delta is investigated. This second evaluation consists of the following steps:

2a. On March 1 st of each year simulated, the CWSA is evaluated using the equation below:

+ BSTOR (SWP San Luis only)
+ Adjusted~ Estimate of Banks Exports
+ Usable Millerton Spills
+ Constant
- Sum of Southern SWP Deliveries (reduced per the deficiency level)

Gross compensation for the effects of Qwest or Delta Exports/Delta Inflow Ratio.

2b. If the calculated CWSA is positive, then that deficiency level is used for the SWP deliveries
south of the Delta for the next twelve months.

2c. If the calculated CWSA is negative, then the system is not expected to be able to support
the assumed deliveries south of the Delta and maintain a reasonable storage in SWP San
Luis. PROSIM therefore applies to the next deficiency level, i.e., next lower delivery level.

2d. Step one is repeated with the new deficiency level applied to the south of Delta contractors.
These steps continue until the calculated CWSA is positive.

GENERAL MONTHLY SIMULATION

For each month, the system is simulated in five basic steps. The first step is the initialization of
variables/parameters to be used in the current month’s simulation. Second, PROSIM simulates
the Sacramento River Basin which is tributary to the San Francisco Bay Delta (Delta). A
description of this simulation is given in the next section, Northern Simulation (upstream of
Delta). Although PROSIM has the capability to simulate the Eastside Streams and Stanislaus
River, these flows are usually preprocessed for use in PROSIM. Third, PROSIM simulates areas
south of the Delta which request and/or require water t~om the Delta (exports). A description of
this simulation is given in the section, Southern Simulation (south of Delta). Fourth, knowing the
Delta inflows and the desired Delta outflows including exports, PROSIM simulates the Delta
using logic fi:om the Coordinated Operations Agreement (COA), along with any additional user-
supplied logic that governs flows into, out of, or around the Delta. This part of the simulation is
described under the section, Delta Simulation.
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Fifth, PROSIM checks to see if additional reservoir releases from basins which are tributary to the
Delta are needed. If required, PROSIM allocates the responsibility per user input. When these steps
are completed, PROSIM updates and finalizes the values for system storages and flows for the month.

Flow diagrams summarizing the monthly simulation are presented in Figures II-5 and II-6.

INITIALIZATION

PROSIM resets many variables to zero at the beginning of the month. Other variables such as
BSTOR are updated to equal the previous month’s ending storages. Minimum instream flow
requirements may be input such that the monthly value is based in part on the previous month’s
simulated storage(s) or flow(s). As an example, on the American River below Nimbus, fall
minimum instream flow requirements are often specified as a function of Folsom Lake’s BSTOR.
Spring and summer minimum flow requirements are often input as a function of BSTOR plus the
sum of Folsom Lake’s inflows for the remainder of the water year. Hence, as part of PROSIM’s
monthly initialization, some instream flow requirements are calculated.

NORTHERN SIMULATION (NORTH OF DELTA)

This section discusses the explicit, detailed logic PROSIM uses in doing the nodal accounting,
once all of the input is generated. How the input data is developed dictates the implicit
representation of the various inputs. The input development documentation must be read
carefully to understand what the non-project demand data, the project demand data, and the gains
represent. Note that this discussion includes mention of several variables that explicitly represent
groundwater pumping at the level of development being simulated. For most applications to date,
including the PEIS, nominal groundwater pumping has been treated implicitly via development of
the gains input data, i.e., the explicit minimum groundwater-pumping-related variables in this
section have zeroes for their values in the PEIS input files.

First, PROSIM computes initial reservoir releases for Clair Engle Lake, Whiskeytown Lake,
Shasta Lake, Lake Oroville, and Folsom Lake. In addition, Auburn reservoir initial releases are
computed if this reservoir is being simulated. Initial releases from Pardee Reservoir, Camanche
Reservoir, New Hogan Lake, and/or New Melones Reservoir are computed if these reservoirs are
not pre-operated as they are in the PEIS analysis (see the SANJASM Methodology/Modeling
Technical Appendix). These initial releases for each month are computed as the maximum of:

1. Inflow + BOM Storage - Evaporation - Direct Diversion - Maximum Allowable FC (Flood
Control) Storage;

2. The lessor of (Inflow + BOM Storage - Evaporation - Direct Diversion - Maximum Desirable
Storage) and Turbine Capacity; and

3. Minimum instream flow requirement immediately downstream of the node of interest.

Next, PROSIM moves node by node from upstream to downstream computing the water
additions and subtractions along each river. Variables discussed in this section are defined in
Table II- 1.
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FIGURE 11-5

PROSIM MONTHLY LOOP OVERVIEW
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PROSIM MONTHLY SIMULATION OVERVIEW
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TABLE Ii-1

VARIABLES AND VARIABLE DEFINITIONS

Variable Definition
ANAGCON Annual Agricultural Contract Amount (INPUT)

ANMICON Annual M&I Contract Amount (INPUT)
CONTAG Average Monthly Contract Amount, Agricultural

CONTMI Average Monthly Contract Amount, M&I
NPDEL Average Monthly Non-Project Demand

NPSHTG Non-Project Shortage
PDELAG Average Monthly Project Deliveries, Agricultural

PDELMI Average Monthly Project Deliveries, M&I
TPDMAG Average Monthly Project Demand, Agricultural (INPUT)

TPDMMI Average Monthly Project Demand, M&I (INPUT)
XAGGW Maximum Monthly Agricultural Groundwater Pumping (INPUT)

XMIGW Maximum Monthly M&I Groundwater Pumping (INPUT)
XNPGW Maximum Monthly Non-Project Groundwater Pumping (INPUT)

YAGGW Minimum Monthly Agricultural Groundwater Pumping (INPUT)

YMIGW Minimum Monthly M&I Groundwater Pumping (INPUT)

YNPGW Minimum Monthly Non-Project Groundwater Pumping (INPUT)

Demands for water at each node may take four forms: non-project demands, project demands,
negative accretions, and minimum instream flow requirements, as mentioned previously. The
logic of how the demands are satisfied is explained below, one at a time.

1. Non-project Sacramento Valley Demands are considered first. PROSIM uses the following
three input items in the computations:

a) Average monthly non-project demand (NPDEL). The volume of water desired by the
non-project user(s);

b) Minimum monthly non-project groundwater pumping (YNPGW). The volume of
groundwater use expected regardless of surface supplies; and

c) Maximum monthly non-project groundwater pumping (XNPGW). The maximum volume
of groundwater the non-project user can use. This may be due to physical capacity
constraints of wells or regulatory or economic constraints.

PROSIM attempts to meet NPDEL with YNPGW. PROSIM then attempts to meet any
remaining NPDEL with "available" surface water. The "available" surface water is computed
to be the sum of the following:

a) The gains (summed from the farthest upstream node down to and including the current
node’s gains) less gain usage by upstream non-project demands;
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b) The inflow to the upstream reservoir less inflow usage by upstream non-project demands;
and

c) The non-project returns from upstream non-project users less non-project return usage by
upstream non-project demands.

PROSIM then attempts to mee~ any remaining NPDEL with additional available groundwater,
XNPGIr/-YNPGW. If there is still a portion of NPDEL unsatisfied, the remainder is declared a
non-project shortage ~PSHTG) for that node for that,month.

2. Project Sacramento Valley Demands are considered next in the nodal computations. For the
purposes of this discussion, both northern CVP and northern SWP demands are called
"project demands." PROSIM allows for two subcategories of project demands and
corresponding efficiencies. These subcategories have been given the labels of agricultural and
municipal & industrial demands. Other labels could be used. In the variable names that
follow, AG refers to agricultural and MI refers to municipal & industrial. PROSIM uses the
following five input items in the computations:

a) Annual contract amount (ANMICON, ANAGCON);
b) Deficiency factor (CUTTM1, CUTTAG). The supply fraction for a given deficiency level;
c) Average monthly demand (TPDMAG, TPDMM1). The volume of water desired by the

project user(s);
d) Minimum monthly groundwater pumping (YMIGW,, YAGGW). The volume of

groundwater use expected regardless of surface supplies; and
e) Maximum monthly groundwater pumping (XMIGW, XAGGW). The maximum volume of

groundwater the project user can use. This may be due to physical capacity constraints of
wells or regulatory or economic constraints.

Before beginning the monthly nodal accounting, PROSIM calculates the maximum contractual
obligation for each month, (CONTMI, CONTAG), based on the annual contract amounts and
the demand pattern over the water year. PROSIM will have also determined the deficiency
level to be used prior to the monthly nodal accounting. For brevity and clarity the discussion
below uses xx to represent either"AG" or "MI".

PROSIM first attempts to meet TPDMxx with YxxGW. PROSIM then attempts to meet any
remaining TPDMxx with surface water to the extent permitted, as defined by
CUTTxx*CONTxx. These surface water deliveries are called PDELxx. When deficiencies
have been imposed such that PDELxx plus YxxGW is less than TPDMxx, PROSIM attempts to
supply this differential or remaining project demand with increased groundwater pumping up
to XxxGW. If TPDMxx is still not fully satisfied, then a shortage is declared for that node in
that month, PxxSHT.

Unlike non-project demands, project demands may be met from project storage.

3. Negative stream accretions may be input depending on what "gains" signify as a function of
switch settings. If this option is used, the gain reflects an additional demand for streamflow
which is satisfied when the minimum instream flow requirement is satisfied.
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4. Minimum Instream Flow Requirements are considered next. PROSIM uses the greater of
input requirements for the node and zero. Considering the above mentioned demands for
water, additional reservoir releases may be required to meet the minimum flow requirement.

If the combined requirements for minimum flows and diversions cannot be met by the initial
reservoir releases, accretions and return flows upstream of each computation node, then PROSIM
notes the shortfall(s). Once preliminary calculations at all Northern Simulation nodes are
complete, PROSIM the aggregates the shortfalls above the NCP. PROSIM uses an optimization
algorithm called the "SPACE RULE" to allocate responsibility to meet the shortfalls among the
available CVP reservoirs. The SPACE RULE balances the reservoir releases by looking at the
relative fullness of each reservoir and their refill potential. Under dry conditions, storages may
drop below inputted minimum storage reserves, in which case the SPACE RULE algorithm stops
and additional reservoir releases are determined based on "DRAIN" logic which simply allocates
releases based on inputted percentages.

This logic of making additional releases is repeated for shortfalls occurring between the CVP and
below the confluence of the Sacramento and American rivers.

It is again repeated if the user decided to meet Rio Vista flow requirements. Lastly, it is repeated
for additional needs in the Delta.

A flow diagram summarizing the Northern Simulation is presented in Figure II-7.

SOUTHERN SIMULATION (SOUTH OF DELTA)

PROSIM simulates the southem system under the assumption that the input demands, TPDMxx,
reflect net surface water requirements after accounting for accretions, rainfall, reuse, groundwater
pumping, and contract limits. The surface water delivery requirements, PDELxx, for the export
areas are calculated as the lessor of TPDMxx and CUTTxx*CONTxx. Once these delivery
requirements have been calculated, the southern simulation is accomplished in two steps.

In the first step, PROSIM sums the deliveries to be made along both the CAQ and DMC starting
at the bottom of each system and working upstream towards the Delta. Included in those sums
are the volumes of water required to bring the southern reservoirs up to their target storages. The
sums may be viewed as desired exports. For each system, the capacity of its canals and reservoirs
to take additional export water (beyond that required for deliveries and meeting target storages) is
computed. This information is passed to the Delta simulation. If there is not enough water
available in the Delta to meet the monthly target storages for southern reservoirs and deliveries
along the CAQ and DMC, additional water is called from upstream reservoirs in the same manner
as in the Northem Simulation.

In the second step, PROSIM takes the actual exports from the Delta simulation and adjusts the
values for the canal flows and southern reservoir storages accordingly.

Water reaching the Delta is allocated between the SWP and CVP based on the Coordinated
Operations Agreement (COA). When previously unstored water is available for export (e.g., it
exceeds in-basin uses including minimum Delta outflow requirements and carriage water), that
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excess water is divided 55 percent - 45 percent between the CVP and SWP respectively. In the
case that releases of stored water are required to meet N-basin uses, the releases are shared 75
percent - 25 percent between the CVP and SWP respectively. If either project needs less than its
share of the exportable water, it is entitled to pump that water to fill its southern reservoirs above
the target storages. If one project cannot use all of its excess because of pumping limitations or
available storage, the other project may then use it to offset required releases to meet
requirements or to fill reservoirs above target storages.

A flow diagram summarizing the Southern Simulation is presented in Figure I1-8.

DELTA SIMULATION

The actual procedure followed for the Delta simulation depends on the particular scenario which
is being modeled. PROSIM’s development has responded to proposed and actual regulations by
progressively incorporating new functionality in the form of flags or switches which trigger calls
to specific subroutines and stipulate the use of new or revised input data. By setting switches and
entering certain input data, the user can model a wide variety of Delta requirements.

In general terms, the Delta simulation can be described in terms of inputs, outputs, and the list of
standards and regulations which can affect the outputs. The "inputs" are initial upstream inflows
into the Delta, the desired exports and remaining canal capacities over and above those exports,
last month’s conditions, and the flow and or water quality standards. The "outputs" from the
Delta simulation are the actual values for Delta export pumping, additional reservoir releases, and
the final value for Delta outflow.

Standards which may be considered include requirements related to San Joaquin Pulse flows, X2
Standards (a Delta salinity standard from the Draft Water Quality Control Plan (State Water
Resources Control Board (SWRCB), 1995)), Contra Costa Canal Chloride requirements, Rio
Vista flow, Delta inflow/export ratio, Cross Channel Gate positions, and the COA.

The Delta simulation is an iterative process which begins by setting export pumping capacity to
the maximum values allowed considering input constraints such as San Joaquin pulse flow
requirements, regulatory export limits, QWEST curtailments, requirements for Delta
Exports/Inflow ratio, Banks pumping criteria based on San Joaquin condition, and Corps of
Engineers permit provisions which affect export rates, etc. The Delta outflow requirement may
be either provided as input or is computed from water quality and flow requirement input data.
Several different input files can be used to provide Delta requirement data based on a variety of
regulations. These options are controlled by settings for logical switches within the MCF which
in turn control which input files are used and what format they take. Greater detail on all switches
and input files is provided in the PROSIM User’s Manual (Reclamation, 1995).

The Delta outflow requirement is augmented to supply any additional requirements which may
result from the Rio Vista requirement or the X2 salinity requirement. At this point the subroutine
which handles the COA requirements is called. As discussed in the Southern Simulation, if
releases of stored water are required to meet Delta requirements, the requirements are shared
75 percent - 25 percent between the CVP and SWP respectively. The determination of which
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reservoir (or reservoirs) releases water follows the same methodology presented in the Northern
Simulation.

Per the Draft Water Quality Control Plan (SWRCB, 1995), total Delta exports are limited during
the period of April 15 through May 15. The maximum combined Tracy and Banks pumping
plants export limit is 1,500 cfs or 100 percent of the 3-day running average of San Joaquin River
flow at Vernalis, whichever is greater. PROSIM is a monthly model, and therefore uses mean
monthly values for this period. During this period, it is assumed in PROSIM that Delta exports
are equally divided between the two projects, not as specified in the COA or Draft Water Quality
Control Plan. Export limits for April 1 through 14 and May 16 through 31 are controlled by
either the export/inflow ratio (35 percent) or pumping capacity, whichever is smaller. The model
uses mean monthly values for this period. The export/inflow ratio is never allowed to exceed 35
percent for the whole period from April 1 through May 31.

Finally, all of the results are checked to assure that no provisions have been violated. If there are
inconsistencies, the iteration procedure continues. Up to fifty iterations can be made in the
attempt to balance all requirements. Once execution reaches fifty iterations, PROSIM assumes
that no solution is possible and the problem must be restructured. A flow diagram summarizing
the Delta Simulation is presented in Figure II-9.

POWER GENERATION

PROSIM optionally calls PWSETUP which translates the pertinent water operations data for use
in CVP power calculations. The CVP facilities included in the POWER module are presented in
Figure II-10. POWER, PROSIM’s main power subroutine, is called after an initial reservoir
operation has been determined for the CVP. The first step in POWER is to compute on and off-
peak hours for the month. The second step is to determine the required monthly generation. The’
third step in POWER is to calculate the at-plant power generation at the nine major powerplants.
During this step, the routine checks to see if scheduled releases have exceeded powerplant
hydraulic capacities. If they have, the excess release above the plant’s capacity is considered
spill for the plant. The routine then converts the at-plant values to at-load center (Tracy) values
and sums the generation for all nine plants. The next step consists of comparing the monthly
generation to the generation requirements determined in the second step. If the energy generation
is less than the monthly requirement, the routine can, optionally if selected by the user in the
MCF, schedule additional releases from the Trinity River system (Shasta Lake release reduced by
the same amount equal to additional Trinity River export) and/or acquire import energy from the
Northwest. The module then sums up the net CVP available energy at Tracy.

The power module has the ability to optionally calculate CVP power generation based on the
assumption that Contract 2948A between the Pacific Gas and Electric Company (PG&E) and the
United States government would not be renewed in the future, including contract stipulations for
project dependable capacity (PDC) and the exchange account. By setting the KSW_OPGE switch
in the Master Control File (MCF) equal to 1, PROSIM does not operate to meet PDC and there is
no PG&E generation requirement. In addition, the power module does not assume acquisition of
additional energy from the Pacific Northwest. Therefore, CVP net power generation is equal to
total CVP power generation less total project power use. Project use is calculated based on
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pumping requirements at Tracy, Banks, Contra Costa, O’Neill, San Luis, San Felipe, Dos
Amigos, and other small pumping plants.

TYPES OF INPUT AND OUTPUT DATA

The PROSIM framework includes the following parts:

¯ Master Control File (MCF) and the input files referenced therein
¯ PROSIM executable program
¯ PROSIM output files
¯ output utilities
¯ utilities’ output files

The MCF structure and the input data files’ structures are described in detail in the PROSIM
User’s Manual (Reclamation, 1995). An example listing of the input files specified in a master
control file for PROSIM 5.49 is given in Table II-2 to introduce the concept of input file types.
The bolded lines indicate input file types used in PEIS work. Data used in each of these files for
each PEIS Alternative are discussed in later chapters.

PROSIM input files may be characterized in one of two ways. Either the file contains only
information which is read at the beginning of the simulation or it is a "time series" files which
contains monthly values, 12 values of which are read each year of the simulation. The time
series files remain open during the entire simulation whereas the non-time series files are read
and closed prior to simulating the first month of the run.

The PROSIM executable program is used to run the model. These three parts of the PROSIM
framework are presented in Part A of Figure II-11.

The program begins by interactively requesting the name of the MCF. PROSIM then reads the
MCF to determine what the fllenames are for the remainder of the input. The exact number of
input flies read by PROSIM varies depending on which options are being specified by the user.
Almost all data are read using free format, eliminating potential column alignment problems and
making changing data easier. When PROSIM requires a fixed format, this is noted in the input
file header. The input files generally allow for an unlimited number of comment lines at the top
of the files to enable the user to document the bases for the data within the file. Thus, the input
files are generally self-documenting (see individual input file headers).

The output generated by PROSIM consists of two default output files and two optional output
files, as shown in part B of Figure II-11. The two default files include a binary file where all the
run information is stored and a diagnostics file where important diagnostics and error
information are written. The creation of the optional files is determined by switch settings in the
MCF. Information about calls to the space and drain subroutines may be written to the space
output file. Information about deficiencies taken by project, and SWP demands may be written
to the deficiency output file. Detailed descriptions of the output files are provided in the
PROSIM User’s Manual (Reclamation, 1995).
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TABLE 11-2

PROSIM BASE INPUT FILES

File Type Base File Description

CMC No applicable base file, Pre-Operated Eastside Streams’ Flow Volumes to Delta
Source: PEIS SANJASM
work.

CW_ No applicable base file. (3arriage Water Table - Not used since KMDOCAL(3 = 3
Source: N/A - Not used.

DFC No applicable base file. Deficiency Criteria for CVP Project Demands
Source: PEIS work.

DFS No applicable base file. Deficiency Criteria for SWP Project Demands
Source: PEIS work.

DLT DLT_544A.DH2 Delta Consumptive Use and Minimum Delta Outflow
Source: Previous USBR Requirement Data
work.

DOI DOI_545B.DAT Delta Outflow Index Requirements
Source: Previous USBR
work.

EPA EPA_556C.AK3 X2 Requirements
Source: Previous USBR
work.

F(3D No applicable base file. Fixed (apriori) (3VP Deficiencies
Source: PEIS work.

FLD FLD_509B.DAT End-of-Month Flood Control Limits
Source: Previous USBR
work.

FSD No applicable base file. Fixed (apriori) SWP Deficiencies
Source: PEIS work.

FTS No applicable base file.~ Minimum Instream Flow Requirements Time Series
Source: PEIS work.

t:WN No applicable base file. Minimum Instream Flow Requirements in North - Not used since
Source: N/A - Not used. KSW_FWN = 0

FWQ FWQ_545A.DH7 Minimum Instream Flow Requirements
Source: Previous USBR
work.

GAN No applicable base file. Gains Time Series
Source: PEIS work.

GEN GEN_534A, DAT Power Generation Data
Source: Previous USBR
work.

GWC GWC_I995.DAT Groundwater Control and Surface Water Return Flow
Source: Previous USBR Percentage
work.

GWD No applicable base file. Historical Groundwater Data - Not used since KSWGW = O.
Source: N/A - Not used.

GWP No applicable base file. Groundwater Pumping
Source: PEIS work.

HDG TBA Hodge’s Decision Requirements - Only used when
TBA KSWHODGE = t
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TABLE 11-2. CONTINUED

File Type Base File Description

INF No applicable base file, Reservoir Inflow Volumes Time Series
Source: PEIS work.

MDO MDO_555C.DH3 Minimum Delta Outflow Criteria
Source: Previous USBR
work.

MDO (2) No applicable base file. Minimum Delta Outflow Criteria - not used since KMDOCALC = 3
Source: N/A- Not used.

MDO (3) No applicable base file. Minimum Delta Outflow Criteria - not used since KMDOCALC = 3
Source: N/A- Not used.

NPD No applicable base file. Non-Project Demand Time Series
Source: PEIS work.

NPE No applicable base file, Non-Project Irrigation Efficiency
Source: PEIS work.

PAG No applicable base file. Project Agricultural Demand
Source: PEIS work.

PE_ No applicable base file. Project Efficiency
Source: PEIS work.

PMI No applicable base file. Project M&I Demand
Source: PEIS work.

POW POW_534A.DAT Power Data
Source: Previous USBR
work.

PTS No applicable base file. Groundwater Pumping Time Series - Not used since CAN
Source: N/A- Not used. derivation includes nominal pumping

QW_ QW._.542B.DAT QWEST Related Criteria
Source: Previous USBR
work.

RAT RAT_545B.DH3 Delta Exports-to-Inflow Ratio Requirements
Source: Previous USBR
work.

RES No applicable base file. Reservoir Operating Criteria
Source: PEIS work.

S JR No applicable base file. Pre-Operated San Joaquin River Flow Volumes to Delta
Source: PEIS SANJASM
work.

SWP No applicable base file. SWP Export Demands
Source: PEIS work.

XCG XCG_544A.DAT Rio Vista and Cross Channel Gates Criteria
Source: Previous USBR
work.

YRT YRT_548A.DAT Year-Types
Source: Previous USBR
work.

NOTE:
Bold type indicates input file types used in PEIS work.
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PROSIM has six associated output utility programs which have been designed to extract specific
data from the b~nary output file and write the information to tabular reports. These are
interactive programs which require the user to answer prompts about the output they want to
extract. Alternatively, the programs can read this information from a response file and run in
interest to the user. Part C of Figure II- 11 shows a diagram of the output utilities. Brief
descriptions of the output utilities ~e given below in Table II-3. Detailed descriptions of the
output utilities are provided in the PROSIM User’s Manual (Reclamation, 1995).

TABLE 11-3

PROSIM OUTPUT UTILITIES

PROSIM Output Utility                        Type of Information
ANNSUM (ANNual SUMmary) This utility provides asystem summary overview for each month of every year

for the major reservoirs and critical nodes within the CVP (one year per page).

GOVERN This utility is used to generate an output report which gives the user a general
idea about aspects of the modeled system that govern system operations.

BALSHEET This utility, is used to print system balance sheets for ten sub-systems (see
Model Study Area) within the PROSIM network.

ONEVAR (ONE VARiable) This utility is used to print reports for selected variables within PROSIM for any
consecutive set of years in a PROSIM simulation.

COMPIVAR (COMPare This utility is used to calculate the difference between the results of two
ONEVAR) separate ONEVAR tables.

POWER This utility is used to pfi’nt ~our separate calendar year summaries regarding
power plant capacity and energy generation (a summary of available power
plant capacity and energy at Tracy for each year of simulation, a summary of
project use and annual energy accounts for each year of simulation, a summary
of the power system for simulation period, and a summary of monthly average
capacity and energy for simulation pedod).

LIMITATIONS ON USE OF MODEL RESULTS

PROSIM is intended to be a tool for approximating water supply impacts (and power impacts for
the CVP) or proposed changes to the CVP and SWP systems. The user can approximate the
impacts of an alternative by comparing simulation output resulting from base input assumptions
to simulation output resulting from alternative input assumptions. Because PROSIM is not an
operations model, results from a single run should not be presented as "stand alone" output --
model output should always be presented in comparison with output from one or more other
I’tlns.

PROSIM input data and assumptions are expected to be reasonable, and because storages are
unconstrained, the potential for negative storages resulting from unreasonably large demands for
water or other anomalies exists. Negative storages should be viewed as signaling a lack of
viability and results of such runs should not be used.

PROSIM is a monthly model and therefore will not simulate weekly, daily, or hourly events. For
example, the hourly and daily flow fluctuations out of reservoirs for flood control purposes are
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not available from PROSIM. The patterns of these spills are included in the monthly,average
reservoir releases and streamflows so peak releases and streamflows and their durations are not
simulated.

As a monthly model, PROSIM uses monthly volumes for input, during computations, and for
output. Input and output information in the units of cfs are for the convenience of the user only.

In addition, average monthly reservoir releases are calculated based on generalized, monthly
operational rules. These monthly operational rules are applied on a contract year basis, actual
operational rules are more dynamic.

PROSIM assumes average monthly flows to meet instream flow requirements and contract
demands. If streamflows vary during the month, some daily and weekly flows will be exceed the
minimum requirements/demands and other will not meet the minimum requirements/demands.
In actuality, additional water may need to be released to meet minimum requirements/demands if
the streamflow fluctuations are due to uncontrolled events (e.g., as flood releases from a reservoir
and local accretions due to precipitation). PROSIM uses perfect foresight on a monthly basis and
therefore may underestimate the water volume that would be spent during a month trying to
maintain a minimuna flow requirement.

In the same manner, average monthly flows are used to meet the X2 requirement (EPA’s 2 parts
per thousand salinity standard for the San Francisco Bay/Delta area). Daily or weekly
fluctuations in Delta inflow and therefore Delta outflow may shift the X2 position to a different
location than the monthly average flows. This change in position may require a different amount
of water from the upstream reservoirs than would be calculated by a monthly model with perfect
foresight.

As a monthly model, PROSIM does not account for the travel time associated with reservoir
releases for downstream requirements. In actuality, reservoir releases must be made hours or
days in advance of a downstream requirement. If it rains before the released water reaches the
required location and the resultant stream flows increase, more water than necessary may have
been released to meet the requirement. PROSIM uses perfect foresight on a monthly basis and
therefore may underestimate the water volume that would be spent during a month trying to
maintain a minimum flow requirement.

In PROSIM, both CVP and SWP deficiencies are applied in incremental steps based on pre-
determined deficiency criteria by water user (e.g., agricultural water service contractors, M&I
water service contractors, Sacramento River Water Rights holders, Exchange contractors).
Because of this step function, in any given year there may be a little more or less water available
to be delivered.

In the PEIS analysis, constant CVP and SWP demands are assumed south of the Delta.
Sacramento Valley demands are based on DWR’s Consumptive Use/Depletion Analysis and vary
with changes in hydrology. In actuality, the agricultural as well as municipal water demands may
vary with hydrology. During extremely wet and dry periods, demands may be different than
during other, less extreme periods because the land use may have changed.
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Chapter III

ADDITIONAL LOGIC DEVELOPMENT FOR THE PEIS

INTRODUCTION

The PEIS alternatives development process and the resulting fial alternatives required the
simulation of several criteria not easily modeled in PROSIM version 5.49. In response to the
modeling needs of the alternatives development group, new model code which simulated these
specific alternative conditions and operations of the CVPIA was incrementally added to PROSIM.
Analysis of output fi:om the modified PROSIM code helped refine the PEIS alternatives. Because
of these refinements, some of the modifications were not used in the final alternatives analysis.
Code modifications which were not carried forward to the analyses of the final alternatives
include:

¯ third party sharing of the responsibility to meet the Bay-Delta Plan Accord (as defined in the
Draft Water Quality Control Plan [SWRCB, 1995]) X2 standard;

¯ delta smelt biological opinion (Service, 1993) flow requirements; and

¯ simulation of additional preliminary Delta outflow requirements based on preliminary
information provided by the Service in May of 1995 to allow flexibility in alternative
simulations (additional Delta outflow requirements).

Modifications carried forward and used in the final analyses include:

¯ simulation of additional preliminary target flows in Central Valley streams based on
preliminary information provided by the Service in May of 1995 to allow flexibility in
alternative simulations (additional target flows).

The code developed for these modifications is flexible and user-controlled. It contains several
options to simulate a particular feature. The user may adjust switches that control sub-options
and program flow, as explained below.

RELATION OF PEISlM WITH PROSIM

Concurrent with the PEIS process, Reclamation was independently updating PROSIM. The PEIS
code modifications were initially added to PROSIM version 5.19. The most recent version of
PROSIM into which the PEIS modifications were incorporated was version 5.49 (as appropriate,
some of Reclamation’s changes contained in PROSIM versions following 5.49 were also
incorporated). This final modified version of PROSIM was renamed "PEISIM" (CVPIA PEIs
Simulation Model).
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Updates to PROSIM (after version 5.49) which were included in PEISIM include:

¯ Reinstatement of the ability to specify SWP deficiency levels as a time series input to the
model;

¯ Addition of the ability to use the Beginning of Water Year or the Beginning of Contract Year
reservoir storage as a trigger mechanism for any month’s minimum instream glow requirement;
and

¯ Replacement of PDEL, node 37 (average monthly project deliveries, node 37) with
ACTWHL37 (Banks Pumping for CVP Needs at PROSIM node 37) in instances where the
latter was intended, but the former was inadvertently used.

PEISIM performs the calculations found in PROSIM version 5.49. Using the flows and storages
calculated at that point, PEISIM does whatever additional calculations are necessary for the PEIS
simulation. The additional coding was done with minimal intrusion into the PROSIM logic.
Figure III-1 displays the relationship in the model code between PROSIM and PEISIM.

PEISlM NODES

PROSIM uses nodes to represent regional water use for general area locations within the CVP
and SWP systems. Calculations for the area are represented at each node. PEISIM includes the
ability to superimpose or "overlay" an additional network of nodes where water may be available
for specific purposes from project and non-project sources. For the PEIS effort a network of
nineteen overlay nodes was used. PROSIM nodes were used wherever possible. The area they
represent and corresponding PROSIM nodes are given in Table III-1.

Overlay nodes 4, 7, 16, and 19 correspond with CVP and SWP reservoirs. Water released from
these nodes is taken directly from the reservoir storage. Overlay nodes 3, 5, 10, and 17 are
representative of DSAs upstream of the reservoirs where diversion may be potentially reduced.
Overlay nodes 6, 11, 12, 13, 14, 15, and 18 represent nodes with non-project demands.

PEISIM SWITCHES

PEISIM has the capability to use all the switches available in PROSIM 5.49 as well as PEISIM-
specific switches. The additional PEISIM switches are given in Table III-2. As in PROSIM, the
switches are contained in the master control file and are defined by the user. The intent is to make
PEISIM flexible in all simulations. The switches are mentioned in the description of options.
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TABLE II1-1

PEISlM OVERLAY NODES

Approximate PROSlM
Overlay Node Area Represented Node

1 San Joaquin River Inflow (1) 28 (3)
2 Eastside Streams Inflow (1) 28 (3)
3 American River (Upper Basin) Inflow (1) 14 (1)

4 Amedcan River (CVP at Folsom Lake) 14
5 Feather River (Upper Basin) Inflow (1) 10 (1)
6 Feather River (PROSIM node 12) (2) 12
7 Feather River (SWP at Lake Oroville) 10

8 Yuba River Inflow (1) 12 (1)

9 Bear River Inflow (1) 12 (1)
10 Sacramento River (Upper Basin) Inflow (1) 4 (1)
11 Sacramento River (PROSIM node 5) (2) 5

12 Sacramento River (PROSIM node 6) (2) 6

13 Sacramento River (PROSIM node 7) (2) 7
14 Sacramento River (PROSIM node 9) (2) 9

15 Sacramento River (PROSIM node 13) (2) 13

16 Sacramento River (CVP at Shasta Lake) 4
17 Cache Creek (Upper Basin) Inflow (1) 50

18 Cache Creek (PROSIM node 50) (2) 50
19 Clear Creek (CVP at Whiskeytown Lake) 3

for these nodes is assumed to be available upstream and added to the model at the
corresponding PROSIM node.
Non-project diversions are the source of water at these nodes.

Joaquin River and Eastside streams are pre-operated for the PEIS.

PEISIM SIMULATION OPTIONS AND MODIFICATIONS

ADDITIONAL TARGET FLOWS

PEIS alternatives development process was the establishment of additional target
PEISIM provides these additional flows through user-defined instream flow standards for

model boundaries. These standards are in addition to the instream flow standards
simulated by the base PROSIM logic. The user can select to simulate these flow

using the switch (KSWRON). The program does not limit the release of water to
flow requirements within a basin. The new PEISIM fish flow routines are designed to
additional target flows at river locations after the current instream flows and other

considerations are met. Figure III-2 shows a schematic of the additional target flow
sequence.
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TABLE 111-2

ADDITIONAL USER-DEFINED SWITCHES IN PEISIM

PEISIM Switch Switch
Switches Definition Setting Setting.

"ON" "OFF"
KSWX2TS Read X2 position as a time serie~ " 1 0

KSW3PART Turn on third party sharing 1 0

KSIJV-/’AKE Take any deficits in X2 or third party sharing from ;I 0
CVP, SWP

’KsWX2SP Take CVP share of X2 from PROSIM SP,~CE 1 0
subroutine (1)

KSWSPLT Division of X2 water need between CVP and swP 1 ’ " 0

KSWRON Turn on additional target flows 1 0

KSWDON Turn on additional Delta outflow requirements 1 0

KSWDELSP Take C~P Delta outflow requirement water from 1 0
PROSIM SPACE subroutine

KSWUIF Let Delta outflow requirements exceed unimpaired 1 0
flow

KSWRIVF Take any target flow deficits from CVP 1 0

KSWRIVS Take any target flow deficits from SWP 1 0

KSWDELF Take any Delta outflow requirement deficits from 1 0
CVP

KSWDELS Take and Delta outflow requirement deficits from 1 0
SWP

KSWXTRA Export Water in excess of’ Delta outflow requirements 1 0

KSWFULLF Use full Tracy Pumping Plant capacity to export 1 0
excess Delta flows

KSWFULLS Use full Banks Pumping Plant capacity to export 1 0
excess Delta flows

KSWBOTH Exp~rt excess Delta flows through either export 1 0
facility

NOTES:
(1) A description of SPACE is available in the PROSIM User’s Manual (Reclamation, 1995).

Instream Flow Nodes

There are eight river basins where additional target flows can be simulated. Within the eight
basins there are nineteen node locations that can be specified for meeting the additional target
flows (overlay nodes 16 and 17 (both Cache Creek) are not included in the simulation). The
nodes that apply to reservoirs represent water that would come from storage to meet instream
flow requirements. The basins, corresponding overlay nodes, and locations are presented in
Table III-3. The additional target flow subroutine is controlled by a data file that contains user-
specified standards for up to fifteen locations within the model boundaries.
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TABLE 111-3

PEISlM BASINS FOR SIMULATION OF ADDITIONAL TARGET FLOWS

Basin Number Area PEISlM Oveday Nodes
1 San Joaquin River 1
2 Eastside Streams 2
3 Amedcan River 3, 4
4 Feather River 5, 6, 7
5 Yuba River 8
6 Bear River 9
7 Sacramento River 10 - 15, 18
8 Clear Creek 19

When specifying a flow requirement, the user identifies the type of requirement (e.g., matrix, time
series, or storage based), the requirement parameters, and the node at which the requirement
applies (both the PEISIM overlay nodes and PROSIM nodes) in the RVL input file. PEISIM
compares the requirement with the river flow at that location. In the case of standards that match
PROSIM, the flow used in the comparison is the flow computed by the base PROSIM logic.
Overlay nodes that do not match PROSIM nodes (or apply to pre-operated nodes such as the San
Joaquin or Eastside systems) require user input to define the pre-operated base flow in the for
comparison against the flow requirement. The pre-operated base flow data is contained in the
RVB input file.

Multiple Standards

It is possible to specify more than one standard for a river basin. The program determines the
amount of flow augment needed for each standard and determines the maximum augment for the
basin.

Project and Non-Project Nodes

Water needed to meet flow requirements could come from either project or non-project sources.
The project sources are the CVP and SWP. PEISIM explicitly decreases storage in these
reservoirs by the amount needed to meet the instream flow. Non-project water for instream flow
requirements is derived from the non-project diversions previously calculated by the base
PROSIM logic. Non-project diversions are reduced to provide the specified share of additional
water. PEISIM computes the amount of water required from a non-project source based on the
user-defined input and then compares this amount with the non-project diversion. The model then
reduces the non-project diversion for that month by the amount needed for flow requirements. If
the needed volume is greater than the diversion, PEISIM prints a warning message indicating a
water deficit at that node.
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Deficits

The user controls what happens to any deficits in the water needed for flow requirements as a
result of insufficient non-project water. User-defined switches (KSWRIVF and KSWRIVS) let the
deficit remain (causing a shortage in the instream flow requirements) or meets the non-project
deficit from project reservoirs. The program only adjusts the non project diversion for the
simulation month, in the amount of the prorated share of the water needed to meet the flow
requirements. The program does not adjust the non-project diversion in subsequent months. The
logic of the instream flow requirement subroutines is displayed in Figure III-2.

WATER FROM UNSPECIFIED UPSTREAM SOURCES

The hydrologic input to PROSIM includes the inflow to the reservoirs contained within the model
boundaries. These data are pre-processed time series and are derived from DWR. Some of the
inflow data are derived from output of operations models that simulate upstream reservoirs.

Several PEISIM overlay nodes represent these upstream sources that are not directly simulated in
PROSIM. Because these sources are preprocessed, the availability of additional water from an
upstream node can only be inferred from the input time series.

If the user specifies an upstream node as a source of water in an alternative, the model assumes
the water is available and adds it into the specified node. The model is unable to verify the
availability of the water. Therefore after a model run, the user must verify the availability of this
water by analyzing impacts to upstream hydrology, diversions, and reservoir and power
operations.

For the nodes representing possible upstream sources above Shasta Lake, Lake Oroville, and
Folsom Lake, any additional water added to the system in February though June is subtracted on a
weighted basis from the following July, August, and September reservoir inflows. If the
additional quantity of water needed is greater than the sum of the inflows in the following three
months, the model limits the additional water acquired. This is an attempt to approximate the
early release of power water from upstream reservoirs, that would then reduce normal power
releases in later months.

DELTA SMELT BIOLOGICAL OPINION FLOW REQUIREMENTS

The Delta smelt biological opinion (Service, 1993) required the provision of smelt habitat through
new Delta outflow requirements. Following this action, new code was added to PEISIM to
simulate the requirements and compute the water needed to meet the standards. As with the X2
standard, the PEISIM additional code separates the water needed for this outflow standard from
what is needed for other Delta obligations.

This additional Delta outflow requirement can be set through a "windowing" routine that specifies
outflow for a time window, subject to conditions, or as a time series. The windowing routine is
similar to the routine developed for the original simulation of Delta smelt requirements in
PROSIM.

PR OSIM M/M 111-8 September 1997

C--083507
C-083507



Draft PEIS Additional Logic Development for the PEIS

If water were needed from upstream reservoirs to meet the Delta outflows standards specified in
the DOW input file, PEISIM would release water fi’om CVP and SWP reservoirs (there is no third
party sharing for this Delta outflow requirement). PEISIM would track the amount of upstream
water needed for this Delta standard through the variable SPACEQ5.

The Bay-Delta Plan Accord integrated the Delta smelt standards. Therefore, the new input file
created for the separate Delta smelt standards was no longer needed and is available for
simulating an additional Delta outflow requirement if needed in the future.

ADDITIONAL DELTA OUTFLOW REQUIREMENTS

The additional Delta outflow requirements are designed to provide additional water for Delta
outflow to benefit fish. These flows are required in addition to the flows previously determined
by the base PROSIM logic.

Delta Outflow Standard

The Delta outflow code was developed when the proposed Delta outflow standard consisted of a
fixed standard, a conditional standard, and the unimpaired flow. This representation of the
outflow standard has since been replaced by a set of monthly standards. PEISIM can simulate
either condition with user-defined data files. Figure III-3 shows a schematic of the computation
logic for the additional Delta outflow requirements.

If the additional Delta outflow requirements are being simulated (KSWDON=I), PEISIM begins
this computation with the Delta outflow determined by the base PROSIM logic. The model then
adds in the water released to meet the instream flow requirements, described above. The revised
outflow is compared with the standard and any additional flow needed to meet the standard (or
flow surplus to the standard) is calculated. If additional water is needed to meet the standard,
PEISIM releases the water from the eight basins, based on user input. Within each basin, the
responsibility is divided between the PEISIM overlay nodes in that basin as specified by the user.
A user-defined switch (KSWUIF) allows the model to constrain the maximum release of water
from a basin for Delta outflow purposes to the historical monthly unimpaired flow from that basin.

Project and Non-Project Nodes

The water needed to meet additional Delta outflows can come from project or non-project
sources, similar to the additional target flows. If non-project diversions are specified as a source
of water and are insufficient to meet the flow requirement from that node, the program computes
a deficit in the flow.

Deficits in non-project water are handled the same for additional Delta outflows as they are for
additional target flows. The user may specify that the deficit remains or is met through releases
from project reservoirs (switches KSWDELF and KSWDELS). If this option is on, the Feather
River deficit (overlay node 6) would come from Lake Oroville and the deficits on the Sacramento
River nodes would come from CVP reservoirs. These deficits are added to the flows released
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from project reservoirs for additional target flows. The user may also specify the CVPshare of
Delta outflows be met using the SPACE subroutine (KSWDELSP).

Returning Surplus Flow

As part of the initial water balance calculations, PROSIM estimates the water needed in the Delta
for regulatory requirements and exports, and compares that amount with the Delta inflow.
Whenever inflow exceeds total Delta obligations, there is surplus flow present and PROSIM
attempts to export some or all of this flow through CVP and SWP facilities. This surplus flow
calculation occurs before instream flows and Delta outflows are calculated in the additional logic,
so the base logic’s determination of surplus flow may conflict with the superimposed PEISIM
Delta outflow requirement.

If these two conditions occur during a simulation month, PEISIM will return the surplus flow
exported in the base PROSIM simulation and credit it toward the CVP or SWP portion of the
Delta outflow obligation. It will return only the portion necessary to meet either projects
obligation and credit the water based on which project exported the water. PEISIM will then
adjust the export and print an output statement summarizing the adjustment.

Diverting Surplus Flow

The initial computation in the Delta outflow subroutine determines if, relative to Delta outflow
requirements, surplus outflow is present in the Delta. If the Delta outflow is surplus to the
outflow standard (typically only in wet periods), the surplus may be exported based a user-defined
switch (KSWXTRA). This might occur if the release of water to meet upstream target flows
resulted in excess water in the Delta. This water is exported through either CVP or SWP Delta
export facility utilizing the full pump capacity or the reduced amount previously calculated by
PROSIM (KSWFULLF and KSWFULLS). The share of the excess water that each project can
export is specified in the MCF. PROSIM calculates a reduced export rate based on either
regulatory criteria or user input. The CVP share of the surplus water may be exported through
either facility, depending on model switches (KSWBOTH). The logic of the Delta outflow
subroutine is displayed in Figure 1II-3.

THIRD PARTY SHARING

X2 is a water quality standard that is directly related to Delta outflow. This standard applies from
February through June. In some months, incidental Delta outflow is sufficient to meet the
standard. However, in periods of low Delta outflow, additional water may be needed in the Delta
to meet the X2 requirement. If this occurs, PROSIM adds water to the Delta to meet X2 by
releasing water only from CVP and SWP reservoirs. Part of the alternatives development process
was an analysis of sharing the responsibility of providing the water required to meet the X2
standard. The new code for third party sharing allows the user to override the PROSIM use of
CVP and SWP reservoirs only and select from 19 locations to supply the water. A detailed
description of the X2 water quality standard is available in the Draft Water Quality Control Plan
(SWRCB, 1995).
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PEISIM performs the third party sharing calculations after the base PROSIM logic has computed
the position of X2 and determined that additional water is needed to meet the standard. If
additional water is needed PEISIM calls a new subroutine that divides the responsibility to
provide additional water to the Delta between the user-spe.cified nodes. The use of third party
sharing instead of the base PROSIM logic, which consists of a division of responsibility between
CVP and SWP, is controlled by a user defined switch (KSW3PART).

If the user specifies non-project nodes (PEISIM overlay nodes 6, 11, 12, 13, 14, and 18) as a
source of additional water for X2, the model reduces the non-project diversion for that month by
the amount specified from that node. If the non-project demand at a node is less than the amount
needed from that node for X2, a deficit would result. This deficit indicates that insufficient water
is available to meet X2 and, if left unmet, the standard would be violated. The user may specify
that any non-project X2 deficit be met from project reservoirs (KSWTAKE). If this switch is on,
any deficits in a simulation month are aggregated and divided between CVP and SWP based on
the switch KSWSPLT. Once all the project, non-project, and upstream sources of water for X2
are determined, the user may elect to use the base PROSIM logic’s SPACE subroutine to
determine the optimum combination of CVP reservoirs to supply the CVP portion of water for
X2 (KSWX2SP).

Often during a simulation, the base PROSIM logic releases water from upstream reservoirs to
meet water obligations in the Delta (e.g., X2, Delta outflow, and export demands). The model
tracks this water as the variable SPACEQ3. PEISIM also tracks this water as SPACEQ3 and
tracks the water specifically needed for X2 as the variable SPACEQ4.

X2 POSITION AS A TIME SERIES

In PROSIM, the X2 position is read from one of two tables in the input file. The PEISIM code
allows the user to input the X2 position as a time series (KSWX2TS). This option is useful to
specify a pre-determined monthly time series of X2 positions.

DIVERSIONS FOR EAST BAY MUNICIPAL UTILITY DISTRICT (EBMUD)

PROSIM contains general logic to simulate Judge Hodge’s decision on deliveries to EBMUD on
the American River. One of the switches in the Hodge input file specifies what river flow(s) will
be considered available for diversion by EBMUD. If this switch is set so that EBMUD is not
allowed to divert flows needed to meet downstream Delta requirements, no diversions will be
made to EBMUD if either the QWEST or Rio Vista standards are also being simulated. A second
switch may be set so that EBMUD diversions can only make use of excess river flow, PROSIM
currently assumes conservatively that there is no excess if the QWEST or Rio Vista standards are
being checked.

In the PEISIM code, the checks for the QWEST and Rio Vista requirements were commented
out to allow EBMUD to divert water when all other Hodge criteria are met and still have
QWEST calculated. PEIS work did not include QWEST standards, i.e., standards were set so
low as to never require water. In rare instances however, this commenting out could allow
violations of Rio Vista standards. Results should be checked,
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DELTA CROSS CHANNEL GATES AND GEORGIANA SLOUGH

Based on DAYFLOW regressions, PROSIM computes flow through the Delta Cross Channel
Gates and Georgiana Slough. From these regressions, three situations are available:

¯ both Delta Cross Channel Gates are open and no Georgiana gate
¯ both Delta Cross Channel Gates are closed and no Georgiana gate
¯ one Delta Cross Channel Gate is open and no Georgiana gate

In the PEISIM code, the regression coefficients are moved from the source code to the MCF,
thereby allowing for the possibility of variable coefficients.

PEISIM MCF

PEISIM uses PROSIM’s MCF with the PEISIM variables appended to the end of the file. The
variables added to the MCF are described in Table III-4. The line numbering assumes that the
upstream node table in PROSIM’s MCF ends on line 200 (as presented in the PROSIM User’s
Manual (Reclamation, 1995) and the additional variables begin on line 201.

PEISlM INPUT AND OUTPUT

The PEISIM framework is similar to that of PROSIM. The PROSIM MCF has been modified to
include PEISIM switches and input files. PEISIM produces the same output files as PROSIM as
well as two additional ASCII files. These ASCII files provide information on the PEISIM
variables employed for that particular run. The structure of the additional input files will be
discussed here. Refer to the following chapters for more information regarding the numerical
content of these files.

PEISIM INPUT FILES

PEISIM uses several data files in addition to files needed by PROSIM 5.49. These files control
the options discussed above and contain the user-defined switches. PROSIM uses a MCF to
control the program flow, identify, data files, and set options for the simulation. PEISIM uses this
file with additional information needed for the PEISIM code appended to the file.

The MCF contains the names of the data files that contain the input for the additional PEISIM
code. It also contains the switch settings described above. The data files are summarized below.

Third Party Sharing Input File (SHR)

The third party sharing file is used to convey user-defined data specifying the source of water to
meet the X2 obligation in the Delta. Refer to section "PEISIM Simulation Options and
Modifications" in this document for a description of the logic of the model code.
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TABLE 111-4

MODIFICATIONS FOR PEISIM MCF

Line(s) Parameter(s) Description(s)

201 - Comment cards identifying that the PEISIM code follows. The code is not
204 restricted to four comment lines (it allows any number of comment lines).

205 /ORDER The order that Delta outflow requirements and instream flow requirements will be
simulated.

206 NSW The name of the PEISIM output file containing a description of functions performed
and intermediate output.

207 NSH The name of the PEISIM output file with the detailed breakdown of the water
required from each PEISIM overlay node,

208 SHR The name of the X2 sharing input file. This file is needed if KSW3PART=I.

209 X2 The name of the X2 time series file. This file is needed if KSWX2TS=I.

210 DOW The name of the Delta outflow windowing file.

211 DL2 The name of the Delta outflow time series.

212 RVL The name of the file containing the PEISIM river standards.

213 RVT The name of the time series containing PEISIM river standards.

214 RVP The name of the file containing the division of responsibility between PEISIM
overlay nodes.

215 RVB The name of the file containing the base flow for use with PEISIM river standards

216 DLF The name of the file containing the fixed Delta outflow requirements.

217 DLC The name of the file containing the conditional Delta outflow requirements.

218 UNI The name of the file containing the unimpaired flows,

219 KSWX2TS Switch to simulate X2 with a time series. The file name is specified with the input
file X2.
(0)- Read X2 from the PEISIM X2 input file.
(1)- Read X2 from a time series specified in the X2 input file.

220 KSW3PART Switch to simulate third party sharing of the responsibility to meet X2.
(0)- Use two-party sharing as defined in PROSIM.
(1)- Use third party sharing of X2.

221 KSWTAKE Switch to take any deficits in the non-project responsibility to meet X2 from project
reservoirs.
(0)o Let any deficits remain.
(1)- Take any deficits from CVP and SWP reservoirs,

222 KSWX2SP Switch to use the PROSIM SPACE subroutine to distribute the CVP responsibility
for third party sharing.
(0)- Use the responsibility defined in the SHR input file.
(1)- Use SPACE to determine the division of responsibility.

223 KSWSPLT Switch to divide the CVP/SWP responsibility of any third party sharing deficits,
(0)- CVP responsibility based on the last COA split.
(1)o CVP responsibility specified in X2FED.

224 X2FED CVP share of the X2 deficit split between CVP and SWP, This variable has
meaning only if KSWSPLT=I.

225 KSWRON Switch to turn on PEISIM instream flow requirements.
KSWDON Switch to turn on PEISIM Delta outflow requirements.

(0)- Additional flow standards are not simulated.
(1)- Simulate additional flow standards.
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TABLE 111-4. CONTINUED

Line(s) Parameter(s) Description(s)

226 KSWDELSP Switch to take CVP obligation for Delta outflow requirements from the PROSIM
SPACE routine.

(0)- Use the responsibility defined in the RVP input file.
(1)- Use SPACE to determine the division of responsibility.

227 KSWUIF Switch to limit a basin’s Delta outflow obligation to the unimpaired flow from that
basin.

(0)- Release all the water needed for Delta outflow requirements.
(1)- Limit the release from a basin to the unimpaired flow.

228 KSWRIVF Switch to make up non-project deficits in water needed to meet PEISIM instream
flow requirements from CVP.

KSWRIVS Switch to make up non-project deficits in water needed to meet PEISIM instream
flow requirements from SWP.

(0)- Let any deficits remain.
(1)- Take Deficits from CVP or SWP reservoirs.

229 KSWDELF Switch to make up non-project deficits in water needed to meet PEISIM Delta
outflow requirements from CVP.

KSWDELS Switch to make up non-project deficits in water needed to meet PEISIM Delta
outflow requirements from SWP.

(0)- Let any deficits remain.
(1)- Take Deficits from CVP or SWP reservoirs.

230 KSWXTFIA Switch to export water from PEISIM instream flow requirements in excess of
PEISIM Delta outflow requirements.

(0)- Do not export surplus water.
(1)- Export additional target flows that exceed Delta outflow requirements.

231 KSWFULLF Switch to use full pump capacity at the CVP export facility for diverting additional
target flow water that is surplus to Delta needs.

KSWFULLS Switch to use full pump capacity at the SWP export facility for diverting additional
target flow water that is surplus to Delta needs.
Both switches are meaningful only if KSWXTRA=I.

(0)- Use current capacity specified in PROSIM.
(1)- Use full pump capacity.

232 KSWBOTH Switch to export the CVP share of extra additional target flows through either CVP
or SWP export facility. The switch is meaningful only if KSWXTRA=I.

(0)- Export the CVP share through Tracy only.
(1)- Export the CVP share through Tracy and Banks.

233 XPCT The CVP share of any additional target flows that are surplus to Delta needs. The
switch is meaningful only if KSWXTRA=I.

234 PARAM_MD01 User-defined coefficients for the Delta cross channel gates when both gates are
open. There are 4 coefficients (A, B, C, D) to fit the equation:
Y = AX + BX(~) + CX(1/3) + D

235 PARAM_MD02 User-defined coefficients for the Delta cross channel gates when both gates are
closed. There are 4 coefficients (A, B, C, D) to fit the equation:
Y = AX + BX(’~) + CXw3~ + D

236 PARAM_MD03 User-defined coefficients for the Delta cross channel gates when one gate is open.
There are 4 coefficients (A, B, C, D) to fit the equation:
Y = AX + BX(~) + CX(~3) + D

237 NDSHAR The number of non-project nodes being simulated.
NPNODE The PROSIM node numbers associated with the non-project nodes.

238 NPLOC The PEISIM overlay node numbers associated with the non-project nodes.
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The file is composed of data for each of the nineteen PEISIM nodes. Three lines of data apply to
each node. The first line is a comment line identifying the basin or the node. The second line
refers to the basin’s cumulative responsibility for meeting X2 and the third line reflects the
responsibility oftlae nodes within the basin. Thedata are presented monthly and the user can
modify the basin or node responsibility by month.

There are nineteen PEISIM nodes, arranged according to ~ight contributing basins (Tables III-1
and III-3). Whenever additional water is needed to meet the X2 standard, the third party routine
of PEISIM divides the responsibility for providing this water across the eight basins. Then, the
individual nodes within the basin are assigned a share of the basin’s responsibility. The third party
sharing file contains the user-defined variables that specify the basin and nodal responsibility. The
SHR input file is described in Table III-5.

TABLE 111-5

SHR INPUT FILE

Line(s) Parameter(s) Description(s)
Comment lines appear at the top of the file. The number of lines is unlimited.

1 Dummy line Text line identifying the PEIsIM r~’ode for the next two lines.

2 WSHED This variable represents the decimal share (0.0 - 1.0) of the total X2 obligation
assigned to each of the eight basins. The percentages for the eight basins must
add to 1.0 for each month. If a basin contains more than one node, the basin
share is only listed for the first node in the basin.
(numberz0) decimal percent representing the basin’s share of the X2 obligation.
Report this percent for the first node in the basin.

(-9) Use -9 as a flag for the nodes within a basin other than the first node.

3 SHARE This variable represents each node’s share of the basin’s X2 responsibility. The
nodal percentages must add to 100% for the basin in each month.
(0~number_< 1)

X2 Time Series Input File (X2)

The X2 file allows the user to specify the X2 position for the T0-year simulation independent of
the X2 tables typically simulated in PROSIM. This option allows the user to determine the
position in a run and match that position in another simulation. It can also be used to match the
standard from a previous run. When matching the standard between runs, the user should note
periods when the X2 position exceeds the standard because of the X2 flow cap criteria. In these
instances, to have a similar X2 condition as the previous run, the user should use the X2 position
in the time series instead of the standard. This option applies to the entire simulation. The X2
input file is described in Table III-6.
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TABLE 111-6

X2 INPUT FILE

Line(s) Parameter(s) Description(s)
Comment lines appear at the top of the file. The number of lines is unlimited.

1 Dummy This contains a dummy column that is typically the simulation month and year.
X2_TS4 The second column contains the X2 standard for the month. For months July

through January, the value 9999 us used as a flag.

Delta Outflow Windowing Input File (DOW)

The DOW file replicates PROSIM’s windowing procedure for determining Delta outflow
requirements. The input file is organized the same as described in PROSIM. This option is not
currently used. Comment lines appear at the top of the file. The number of lines is unlimited.

Delta Outflow Requirement Input File (DL2) File

The Delta outflow requirement can also be specified in a time series. Although this routine
started as Delta outflow for Delta smelt, it is currently used to establish the outflow requirement
for the Bay-Delta Plan Accord. This option is contained in PROSIM in the Delta outflow input
file (DLT input file) under the variable UMRDO. PEISIM separates this variable and reads the
value in the DL2 file. To use this option, the UMRDO variable in the DLT file is set to 0 and the
outflow time series input as variable DELTSMTS, described below. The DL2 input file is
described in Table III-7.

TABLE 111-7

DL2 INPUT FILE

Line(s) Parameter(s) Description(s)
Comment lines appear at the top of the file. The number of lines is unlimited.

1 Dummy This contains a dummy column that is typically the simulation month and year.
DELTSMTS The second column contains the Delta outflow requirement for the month (in

thousand acre-feet).

Instream Flow Requirement Input File (RVL)

The RVL file is used in to input PEISIM instream flow requirements in addition to those
previously simulated in PROSIM (the minimum flow requirement (FWQ) input file). The file is
organized to specify up to 15 standards, with a common data format in each standard.

Three types of standards are allowed, matrix, time series, and storage-based. All three types have
the first 3 data lines in common. These lines include a comment line and two data lines describing
the type of standard and the location of the standard. The RVL input file is described in
Table 111-8.
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TABLE 111-8

RVL INPUT FILE

Line(s) Parameter(s) Description(s)

Comment lines appear at the top of the file. The number of lines is unlimited.

1 NSTDS
2 Comment line appear before each river standard. The number of lines is

unlimited.
3 /BASIN The PEISIM river basin where the standard applies.

PRONODE The PROSIM node associated with the standard.
NFISH The PROSIM reservoir number associated with the reservoir used in the standard.

This is the number of the reservoir as listed in the PROSIM RES file, not the
PROSIM node number associated with the reservoir. It is only used with storage-

NDCVPIA based standards.
The PEISIM node associated with the standard.
The year type to use in the matrix method. This usage is similar to the year type

IYRFISH specification given in the MCF for other PROSIM standards and refers to the
column in PROSIM’s YRT file.

4 RIV-IYPE The type of instream flow standard being simulated.

Matrix. The matrix type standard is a month by water year type representation of the standard.
This format is the same as found in the PROSIM FWQ file. The matrix contains 12 columns and
7 rows. Lines 5 through 11 contain the monthly river standard for year types 1 through 7 (in cfs).

Time Series. The time series specification allows the user to specify the instream flow
requirement in a time series. The time series is contained in a separate file (RVT). No additional
data are presented for this standard in the RVL file. If this option is selected, a valid RVT file
must be specified in the MCF (line 213). All values are in cfs.

Storage-Based. The storage-based criteria was developed to reflect the original Sacramento
River standards at Keswick Reservoir specified in the Working Paper on Restoration Needs
(Service, 1995). The storage-based method is associated with a reservoir and sets the standard
based on the reservoir storage. The method is not the same as storage-based criteria specified in
PROSIM’s FWQ file.

The standard is set once (typically October) and reevaluated in a subsequent month, possibly
resulting in a new standard. The standards for the year are read from a table contained in this file.
The user specifies the months to set and reevaluate the standard. The standard can be storage
based for most of the year and read directly from a table for the remainder. The variable
FWFLOW is the table containing the flow standards. It is used to initially set the standard and
also applies to the months before the storage criteria is set or after the period where a storage-
based standard is required (variable MOREAD). The storage-based criteria in the RVL input file
is described in Table II1-9.

Instream Flow Requirement (Time Series) Input File (RVT)

The RVT file contains a time series of additional target flow standards for PEISIM. The option is
specified in variable RIVTYPE in file RVL. The name of this file is specified in the MCF (line
213). The RVT input file is described in Table III-10.
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TABLE 111-9

RVL INPUT FILE -- STORAGE-BASED CRITERIA

Line(s) Parameter(s) Description(s)
5 MOFIX The month to initially fix the instream flow standard based on reservoir storage.

MOADJ The month to adjust the standard based on reservoir storage.
MOREAD If the user only wants storage-based standards for part of the year, this variable

specifies the month to read the standard directly from FWFLOW.

6 NSTOR Number of storage levels associated with the standard.

7 Comment lines appear before the table of standards. The number of lines is
unlimited.

8 FWSTOR The storage level above which the following standards apply (in million acre-feet).
The monthly flow standards that apply when the reservoir storage in MOFIX exceeds

FWFLOW FWSTOR (in cfs).

9 NADJ Number of storage adjustments to follow.

10 FWSTAJ The storage level that would trigger an adjustment (in million acre-feet).
FWADJ The flow adjustment beginning in month MOADJ that occurs if the storage exceeds

FWSTADJ (in cfs).

TABLE II1-10

RVT INPUT FILE

Line(s) Parameter(s) Description(s)

Comment lines appear at the top of the file. The number of lines is unlimited.

1 Dummy This contains a dummy column that is typically the simulation month.
RIVSTD The second column contains the instream flow value that is used for the

simulation month (in cfs).

Division of Instream Flow Requirement Input File (RVP)

The RVP file is used to specify the contribution of each node in a basin to the instream flow
requirement in that basin. The PEISIM nodes are organized such that some basins have only a
single node (the San Joaquin River and Yuba River, for example), while other basins have
multiple nodes. Within a basin, the percentage contribution must add to 1.0 (100 percent).
Therefore, for the San Joaquin River basin (PEISIM node 1), the share must be 1.0 for all
months. Within the Feather River basin (PEISIM nodes 5, 6, and 7), the shares for these nodes
must add to 1.0 for each month. The RVP input file is described in Table III-11.
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TABLE II1-11

RVP INPUT FILE

Line(s) Parameter(s) Descdption(s)
1 Comment lines appear at the top of the file. The number of lines is unlimited.

2 Comment lines appear before the next standard to describe the location or node
information. The number of lines is unlimited.

3 RIVPCT The monthly contribution of the node to meeting the river standard for the basin,
represented as a decimal. There is one column for each month. Within a basin,
the share must add to 1.0.

Base Flow Input File (RVB)

The PEISIM fish flow routine compares the user-specified standard with the flow at the node with
the standard. However, the San Joaquin, Eastside, Bear, and Yuba Rivers are typically pre-
operated time series and the PROSIM input for these basins contain the estimated river flow and
also gains and losses. The input value for these nodes therefore, is not necessarily the river flow
at a level equivalent to the flows calculated in PROSIM. Therefore, the user can input the base
flow that PEISIM will compare with the standard to estimate the need for additional releases for
instream flows. The RVB input file is described in Table III-12.

TABLE 111-12

RVB INPUT FILE

Line(s) Parameter(s) Description(s)

Comment fines appear at the top of the file. The number of lines is
unlimited.

1 Dummy This contains a dummy column that is typically the simulation month,
RIVBAS The next eight columns include the base flow for the basins simulated in

PEISIM. The model will use these values for basin that are pre-operated
in PROSIM and use the PROSIM-calculated flow in the others (in
thousand acre-feet).

Fixed Delta Standards Input File (DLF)

This file was developed when the proposed Delta outflow standard evaluated a fixed standard,
conditional standard, and the unimpaired flow. Although the approach to the outflow standard
has changed through the PEIS process, the code is available to simulate this approach. The
approach compares the conditional standard with unimpaired flow to the Delta and determines the
minimum. The maximum of this result and the fixed standard becomes the outflow standard. The
fixed and conditional standards contained are in matrices of 12 months by 7 water year types.
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To simulate an outflow standard that directly uses a single matrix (without the fixed/conditi6nal
approach), set the conditional matrix to zero and input the outflow standards to the fixed matrix.
The DLF input file is described in Table III-13.

TABLE 111-13

DLF INPUT FILE

Line(s) Parameter(s) Description(s)
Comment lines appear at the top of the file. The number of lines is unlimited.

i - 7 DELF/X Each line contains twelve columns with the monthly fixed Delta outflow
requirement for one water year type (in cfs).

Conditional Delta Standards Input File (DLC)

The structure of this file is similar to the DLF file described above. The DLC input file is
described in Table III- 14.

TABLE 111-14

DLC INPUT FILE

Line(s) Parameter(s) Descflption(s)

Comment lines appear at the top of the file, The number of lines is unlimited.
1 - 7 DELCOND Each line contains twelve columns with the monthly conditional Delta outflow

requirement for one water year type (in cfs).

Unimpaired Flow Input File (UNI)

The UNI file provides information for PEISIM to perform several different calculations. Initially,
the file provides data specifying the responsibility of each PEISIM node for meeting the basin’s
share of the Delta outflow requirement. The file then lists the association of PEISIM node with
the basins.

Beginning onthe third active line is the 70-year time series of unimpaired flow. This time series is
used in two different calculations. First, the unimpaired flow data are used in the calculation of
the Delta outflow requirement based on the fixed and conditional methodology described above.
Second, the unimpaired flow is used to calculate each basin’s responsibility to meet the PEISIM
Delta outflow requirement. The UNI input file is described in Table III-15.
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TABLE 111-15

UNI INPUT FILE

Line(s) Parameter(s) Description(s)

Comment lines appear at the top of the file, The number of lines is unlimited.

1 UIFPC-I- This variable specifies each node’s share of the water needed from a basin to
meet PEISIM Delta outflow requirements. There is one number for the year and
all basins should add to 1.0.

2 NDUIF This is the number of basins used in the unimpaired flow calculations.
NODEUIF This is the basin number associated with each of the PEISIM nodes.

3 Dummy This contains a dummy column that is typically the simulation month.
UNIMPQ There are eight columns of data containing the unimpaired flow for the basins

simulated in PEISIM (in thousand acre-feet). See Table 111-3 for a description of
UIFTOT the basins.

The last column contains the total unimpaired flow to the Delta (in thousand acre-
feet).

PEISIM OUTPUT FILES AND UTILITIES

PEISIM produces output in ASCII and binary format that allows tracking of the options
described above. The ASCII files provide the user with information about the state of variable
used in the PEISIM code. These include updates of Delta outflow when calculating the instream
flows and Delta outflows.

The binary output is produced along with, and in the same file as the PROSIM binary output.
Because the binary output is expanded from typical PROSIM output, the PROSIM utility
ONEVAR was adapted to read the expanded output. The revised utility, NEWONE, can extract
the PROSIM and PEISIM variables from the binary output.

PEISIM Functions and Results Output File (NSW)

This output file contains data listing the PEISIM options, the simulation order of the standards,
and intermediate and final results of the PEISIM model code. From this file, the model user can
track the steps the model used to simulate the X2, Delta smelt (outflow), PEISIM additional
target flows, and PEISIM additional Delta outflow requirements. The file is useful in following
both the model progression and the changes in Delta outflow because of standards.

The file also provides information regarding deficits in non-project responsibility to meet
standards, any surplus flow that was exported in PROSIM but is returned because of PEISIM
obligations, and any surplus PEISIM water that is exported.

Water Accounting By PEISIM Overlay Node Output File (NSH)

This output file provides an accounting of the water delivered from each PEISIM overlay node
because of X2, or the PEISIM instream flow or Delta outflow requirements. For PEISIM overlay
nodes with storage-based instream flow requirements, the file shows the reservoir storage used in
the calculations.
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NEWONE Output Utility

The PROSIM post-processor ONEVAR was modified to accept the PEISIM variables described
above. The PEISIM variables are given in Table III-16.

The structure of NEWONE, in terms of specifying nodes, is the same as ONEVAR. The user
however must distinguish between PROSIM nodes and PEISIM overlay nodes. The variables
below use the PEISIM overlay nodes, with the exception of the SPACEQ4, SPACEQ5,
DRAINQ4, and DRAINQ5. The number of nodes associated with the variable is listed after the
description, with "19" referring to the PEISIM overlay nodes and "8" referring to the PEISIM
basins.
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TABLE 111-16

PEISIM OUTPUT VARIABLES

Output Description
Variable

SPACEQ4 The amount of the X2 augment from a reservoir.
SPACEQ5 The amount of the Delta smelt (outflow) augment from a reservoir.
DRAINQ4 The amount of the X2 augment from a reservoir computed in DRAIN.
DRAINQ5 The amount of the Delta smelt (outflow) augment from a reservoir computed in DRAIN.
AUGMENT The X2 contribution from each PEISIM overlay node (19).
RIVDEM The PEISIM additional target flow demand from each of the eight PEISIM basins (8).
RIVNEED The PEISIM additional target flow contribution from each PEISIM overlay node (19).
RIVDEF The deficit in non-project contributions to PEISIM additional target flows for the PEISIM overlay

nodes (19).
RIVTAKE The water "taken" from CVP/SWP reservoirs because of deficits in non-project obligations for

the PEISIM overlay nodes.
RIVGET The amount of water the model could "get" from each node, allowing for deficits for the PEISIM

overlay nodes (19).
DELTDEM The PEISIM Delta outflow requirement demand from each of the eight PEISIM basins (8).
DELTAVIL The water available to meet the PEISIM Delta outflow requirements. This value accounts for

unimpaired flow constraining the standard (KSWUIF).
DELTSTD The computed Delta outflow requirement.
DELTAUG The total augment needed from the river basins to meet the Delta outflow requirement (8).
DELTNEED The amount of water needed from each of the PEISIM overlay nodes for Delta outflow

requirements (19).
DELTDEF The deficit, by node, in non-project water needed for Delta outflow requirements.
DELTrAKE The amount of water, by node, taken from the CVP/SWP to meet the deficit in non-project water

for Delta outflow requirements (19).
DELTGET The final amount of water PEISIM can get from each node for Delta outflow requirements (19).
UIFTOT2 The sum of the eight unimpaired flows entered in the UNI file.
DELTXTRA The unconstrained amount of additional target flow surplus to Delta needs available to export.
AV4EXPT The total amount of additional target flow surplus to Delta needs available to export (subject to

constraints).
EX29 The amount of additional target flow surplus to Delta needs that is exported by the CVP through

Tracy.
EX30F The amount of additional target flow surplus to Delta needs that is exported by the CVP through

Banks.
EX30 The amount of additional target flow surplus to Delta needs that is exported by the SWP

through Banks.
SPACEQ6 Not used.
DRAINQ6 Not used.
DSFLOW The amount of water released to meet the Delta smelt (outflow) requirement.
FSTX The federal share of Tracy export. This is the surplus Delta water allocated to the CVP and

diverted through Tracy in PROSIM.
FSBX The federal share of Banks export. This is the surplus Delta water allocated to the CVP and

diverted through Banks in PROSIM.
SSBX The state share of Banks export. This is the surplus Delta water allocated to the SWP and

diverted through Banks in PROSIM.
SSTX The state share of Tracy export. This is the surplus Delta water allocated to the SWP and

diverted through Tracy in PROSIM.
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Chapter IV

DATA DEVELOPMENT FOR THE PEIS

INTRODUCTION

The purpose of this chapter is to document the development of the content of the input files used
as a starting point for the PEIS work. For descriptions of the format of these input files, refer to~
Reclamation’s 1995 Draft User’s Manual. Refer to Chapter V for detailed descriptions of the
content of the input files used in simulating the alternatives. The format descriptions for the
additional files PEISIM reads are given in Chapter III.

DEVELOPMENT OF THE BASE DATA SET

Table II-2 contains a complete list of input file types that PROSIM version 5.49 would read from
a master control file. Several of these were not used in the PEIS work per the inputted logic
switches, as noted in the table. All input files which are used in the PEIS analysis and are not
related to hydrology and demands are briefly described in this section. Hydrology and demand
input files and the manner in which they were updated for the PEIS are discussed in a subsequent
section. The MCF and all input files are described in detail in the PROSIM User’s Manual
(Reclamation, 1995).

PRE-OPERATED EASTSlDE STREAMS FLOW TO DELTA FILE (CMC)

This is a time series file in contains net monthly contributions (volumes of water) from the
Cosumnes, Mokelumne, and Calaveras streams to the Delta. It is used only if the eastside streams
system is pre-operated. The logical switch KSWCMCS, read from the MCF, must be set to 0 or 1
to use this file. If the switch is set to 2, this file is not used, and the user must provide the
appropriate inflow, reservoir operation, demand, gain and minimum flow requirement data for
nodes 18 through 23 to enable the simulation of this system in the program. For the PEIS
analysis, this switch is set to 0. Data taken from SANJASM runs includes only flows from the
three rivers, and the additional miscellaneous flows from minor streams are accounted for in the
RAT file.

DEFICIENCY FILE FOR CVP PROJECT DEMAND NODES (DFC)

This file contains CVP deficiency data and is read one of two ways depending on the value of the
KSWYTDEF switch read from the MCF. If the flag is 1, the deficiencies depend on the year type;
flit is 0, deficiencies are specified for a number of different possible deficiency levels and
PROSIM will find the level where the system is able to balance demands with supply. For the
PEIS analysis, this switch is set to 0.

PROSIM starts at the first deficiency level and attempts to balance the entire system. If there is
not enough water to balance the system, it will step down to the next deficiency level, cut the

PROSIM M/M IV-1 September 1997

C--083525
C-083525



Draft PE[S Data Development for the PEIS

demands by the new deficiencies, and attempt again to balance the system. The program steps
through the table of deficiency levels until it finds the level at which the reduced demands are able
to be met.

DEFICIENCY FILE FOR SWP PROJECT DEMAND NODES (DFS)

This file contains data pertaining to deficiencies (decreases in deliveries) for state water project
demands. Reductions to be applied to SWP demands at a series of deficiency levels are specified
for each demand. This file is read regardless of switch settings, but it is not used unless the switch
KSWPDEF is set to 1 in the MCF, as it is in the PEIS analysis.

MINIMUM DELTA OUTFLOW REQUIREMENT DATA FILE (DLT)

This file contains values for minimum required Delta outflow (MRDO) and monthly Delta
consumptive use (Delta CU). Theoretically, the MRDO is the minimum flow requirement for
node 30 and the Delta CU is the project AG demand at node 28, but these elements are handled in
this separate file rather than in the minimum flow and project demand input files because they are
treated differently by PROSIM. The file’s format depends on the value of the KSWMRDO switch
which is set in the MCF. This switch setting determines only the format of the MRDO data. For
the PEIS analysis, this switch is set to 3. Delta CU is entered in time series format for all switch
settings. The general formats for each value of KSWMRDO are:

0 - unmodified MRDO values input as fixed monthly values dependent on the year type.

1 - unmodified MRDO values input as time series data.

2 - MRDO values computed internally in PROSIM, so no values for MRDO are entered
here.

3 - MRDO values are computed internally in PROSIM and compared to time series values
input in this file. The greater value is used.

DELTA OUTFLOW INDEX FILE (DOI)

This file contains input data for Net Delta Outflow Index (NDOI) requirements. NDOI is defined
as:

(Delta Inflow - Net Delta Consumptive Use - Delta Exports)

NDOI requirements are specified in several documents concerned with Delta water quality, and
fi’om a PROSIM user’s point of view are basically an additional way to specify Delta outflow
requirements. The file is read regardless of any switch settings.
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EPA’S X2 REQUIREMENTS FILE (EPA)

This file contains input data which supports functionality associated with the EPA’s 2 parts per
thousand salinity standard for the San Francisco Bay/Delta area. The data refers to the maximum
allowable distance (in kilometers) upstream of the Golden Gate Bridge where the salinity level
may exceed 2 parts per thousand or X2 position. The criteria was designed to be responsive and
replicative of the varying natural hydrology, with standards varying by water year type or a
hydrologic index.

The file is used if the logical switchKSW_EPA is set to 1 or 2. If the switch is set to 1, the data
are given by month and year type. If the switch is set to 2, the data are time series based. For the
PEIS analysis, this switch is set to 2.

FLOOD CONTROL FILE (FLD)

This file contains maximum allowable end-of-month storage values in thousand acre-feet per
Corps of Engineers flood control considerations for each of the reservoirs. If zero values are
specified, then the maximum desirable end-of-month storage values (storage rules) specified in the
RES file are used. This file is to be used with a particular set of inflow files, as flood control
criteria for some reservoirs (e.g., Shasta Lake) have been established for a specific set of historical
inflows. If simulating alternative inflow scenarios, the flood control rules should be altered
accordingly. It is a time series file.

MINIMUM FLOW REQUIREMENTS TIME SERIES FILE (FTS)

This file contains time series data for minimum flow requirements at certain PROSIM nodes. It is
opened and read only if the KSW_FWTS switch is set to 1. This flag is set internally by PROSIM
if the FWQ file indicates that requirements for a particular node be read in this way.

MINIMUM FLOW REQUIREMENTS FILE (FWQ)

This file contains instream minimum flow requirements or the data necessary to compute them.
The data is presented node by node, and data for each node can be given in one of several
different formats:

Type: Indicates that minimum flows are fixed according to year type;

Trig: Indicates that equations defined in this file use data read from the file to define the
flow requirements, which are "triggered" by certain flow or storage conditions;

Defs: Indicates that minimum flows are given for various deficiency levels;

Byts: Indicates that data for the node is to be read from the FTS file and not fi:om this
file; and
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Trg2: Used for nodes 1 and 4 to indicate that data is to be read from a separate input file.
This file (the FWN input file) is for determining diversions from the Trinity River
Basin and flows in the Sacramento River below Keswick only. Combinations of
storage conditions in Clair Engle Lake and Shasta Lake are specified which result
in certain flow requirements.

GENERATION DATA FILE (GEN)

This file contains data that defines power plant energy factor curves and power plant capacity
curves for each of the system power plants. It is read and used only when the logic switch
KSWPOW is set to 1 in the MCF, activating the power routines. For the PEIS analysis, this
switch is set to 1.

In the system configuration, there are 9 power plants, and the data must be in the following order:

1 - Trinity
2 - Carr
3 - Spring Creek
4- Shasta
5 - Keswick
6 - Folsom
7 - Nimbus
8- New Melones
9 - San Luis

GROUNDWATER CONTROL/RETURN FLOW PERCENTAGE FILE (GWC)

This file contains groundwater control data and data about return flows which are used by the
groundwater modules. How it is read depends on the value of the switch KSWGW which is set in
the MCF. For the PEIS analysis, this switch is set to 0. When KSWGW is set to 0, the second
table in the file is used. By node, this table contains the fractions of applied non-project, project
M&I, and project agricultural waters which return as surface water as well as which nodes are
associated with other nodes for the purposes of groundwater calculations.

GROUNDWATER PUMPING FILE (GWP)

This file contains the annual pumping amounts and their monthly distributions for each node in the
KNODPMP array specified in the MCF. The annual values are given in thousand acre-feet and
the distributions in percentages. Separate sets of values are required for agricultural, M&I, and
nonbo-project pumping at three levels - wetter, near average, and drier. This file contains the
minimum and maximum groundwater pumping amounts for those nodes at those three levels:

Level 1 (wetter) = year types 1 - 3,
Level 2 (near avg.) = year types 4 and 5, and
Level 3 (drier) -- year types 6 and 7.
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If logic switch KSWGWTS is set to 0 in the MCF, monthly values for pumping are computed by
PROSIM from data in this file. If the switch is 1 or 2, additional values for minimum or maximum
pumping respectively are read from a separate time series file and compared to the monthly value
computed from the GWP file; one value or the other is used. IfKSWGWTS = 3, this file is not
used ~ only the time series data (PTS) is used. For the PEIS analysis, this switch is set to 0.

HODGE DECISION REQUIREMENT FILE (HDG)

This file contains criteria reflecting Judge Hodge’s decision on deliveries to the East Bay
Municipal Utility District on the American River (PROSIM node 15). This file is used if the logic
switch KSWHODGE is set in the MCF to 1. If this file is used, EBMUD’s demands should not be
included in the project demands specified for Node 15. For the PEIS analysis, this switch is set to
1 only in a supplemental analysis -- the Cumulative Impacts simulation.

INFLOW TIME SERIES (INF)

This file contains monthly reservoir inflow volumes in thousand acre-feet for each reservoir. San
Luis Reservoir, and East Branch and West Branch reservoirs have no inflow.

MDO INPUT WITH BOTH GATES OPEN FILE (MDO-O)

This file is used if the logical switch KSWMRDO is set to 2 or 3 and the logical switch
KMDOCALC is set to 1 or - 1 in the MCF. It contains data about water quality and flow
standards for MRDO at 10 locations. This data is used to compute the MRDO, which is then
either used by the model or compared to the mrdo value input in the DLT file - this depends on
switch settings. The data is also used to compute carriage water requirements. The file is, in
effect, a composite of three input files for DWRSIM. For the PEIS analysis, the KSMWRDO
switch is set to 3 and the KMDOCALC switch is set to -1.

POWER FILE (POW)

This file contains system power variables. It is read and used only if the logic switch KSWPOWis
set to 1 in the MCF, as it is in the PEIS analysis.

DELTA EXPORTS-TO-INFLOW RATIO FILE (RAT)

This file contains the maximum allowable Delta_exports-to-Delta__inflow ratios. The information
is read regardless of logical switch settings, but is used by PROSIM only if the switch K_RATIO
is set to 1 in the MCF, as it is in the PEIS analysis. It reflects requirements in the Draft Water
Quality Control Plan (SWRCB, 1995).

RESERVOIR FILE (RES)

This file contains all reservoir data: beginning, maximum, and minimum storages; rule curves
(target storages, etc.); evaporation rates; maximum turbine discharges; and regression coefficients
to compute area and elevation as a function of storage.
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PRE-OPERATED SAN JOAQUIN FLOW TO DELTA FILE (S JR)

This file contains net monthly contributions in thousand acre-feet from the San Joaquin River at
Vernalis to the Delta. This file is used only if the San Joaquin/Stanislaus system is pre-operated,
which is indicated by setting the KSWCMCS switch in the MCF to 0, as it is in the PEIS analysis.
IfKSWCMCS is set to 1 or 2, this file is not used, and the user must provide the appropriate
inflow, reservoir operation, demand, gain, and minimum flow requirement data for nodes 24-27 to
enable the simulation of the Stanislaus in the program; gain at node 27 would then be the pre-
operated San Joaquin alone.

RIO VISTA AND CROSS CHANNEL GATES CRITERIA FILE (XCG)

This file contains data pertaining to flow requirements at Rio Vista and Cross Channel Gate
positions. The file is organized into three parts: minimum flows for Rio Vista for each year type,
Rio Vista space rule vectors, and Cross Channel Gate position data.

YEAR TYPE FILE (YRT)

This file contains a table of year types for each of a specified number of year type indices. There
are several indices which have been used extensively in PROSIM runs. The 4-Rivers index is
based on the summation of 4 unimpaired flows in the Sacramento River valley. The Shasta index
is based on unimpaired inflows into Lake Shasta. The Sac 40-30-30 index is based on
Sacramento River flows which have been weighted in consideration of certain flow periods and
antecedent conditions. The SJ 60-20-20 index is based on San Joaquin River flows which have
been weighted in consideration of certain flow periods and antecedent conditions. Each index is
intended to reflect year types that affect particular aspects of the physical system. Each year type
index has a set number of possible year types and established at the time the index is defined and a
property of the index. The total number of year types is entered in the MCF.

DEVELOPMENT OF HYDROLOGY AND DEMANDS FOR THE PEIS

For the PEIS hydrologic modeling efforts, a static land use approach was taken. For static model
rtms, the projected land use conditions are fixed over time. The two projected land use conditions
which were used as the basis for these static conditions are the 1995 and 2020 projected levels.
These projected level conditions are the driving force behind the development of much of the
projected level input data and assumptions required for the use of PEISIM for PEIS hydrologic
modeling.

At the inception of the PEIS modeling effort, Reclamation’s demand and gains input files were
based on DWR’s preliminary projected 1995 (C01) hydrology and demands. For the PEIS
modeling effort, this existing hydrology and demand input data set needed to be revised to reflect
the policies, criteria, facilities, and projected 2020 level of development assumed for the PEIS
analysis. To be consistent with other PEIS modeling analyses, the hydrology and demands were
updated to reflect DWR Bulletin 160-93 and more recent projected 1995 (C6A) and 2020 (C9A)
projected levels of development. The 2020 projected level of development was used to represent
the 2022 future conditions evaluated in the PEIS. CVP and SWP contract amounts were also
adjusted to reflect 1995 and 2020 demand levels.
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In creating the existing preliminary 1995 (C01) PROSIM hydrology and demands input files,
Reclamation developed a water balance based methodology for reformulating the results of
DWR’s Consumptive Use (CU) and Depletion Analysis (DA) models to create input hydrology
and demands for use with PROSIM. This methodology was used to develop both the 1995
(C6A) and 2020 (C9A) data sets for the PEIS. A detailed comparison of the 1995 (C6A) and
1995 (CO 1) data sets was conducted as a check to identify any discrepancies or inconsistencies
between the data sets.

The PEIS study period includes the years 1922 through 1990. The historical hydrology during
this period was considered to be a representative sample of the population of hydrologic
conditions and captured reasonable extreme (e.g., critically dry and wet conditions). The
historical hydrology was adjusted to be representative of projected 1995 and 2020 levels of
development.

DWR Bulletin 160-93

In the PEIS modeling effort, land use and hydrologic information were taken from the DraR
Bulletin 160-93 (DWR, 1993). These data have undergone DWR’s process for consensus that
included extensive public review by urban, agricultural, and environmental interest groups.

Consumptive Use/Depletion Analysis Model

Development of hydrology for use in DWR’s Operations Studies consists of Consumptive Use
Studies, Depletion Analysis Studies, and the preparation of input to DWR’s simulation model
(DWRSIM). Hydrologic components resulting from these studies at 1995 (C6A) and 2020
(C9A) projected levels of development were used in creating PROSIM input files. The CU and
DA are planning tools used to develop basin hydrologies. The CU and DA are used to determine
the effect of future water demands and regulations on historical river system flows. Based on
historical/projected land use, these models take a water balance approach to estimate the available
historical/projected water supply on a regional basis. Output from the CU model is used as input
by the DA. The data exchange between the CU and DA is outlined in Figure IV- 1.

The CU/DA divides the Central Valley into drainage and service areas to facilitate the evaluation
of water supplies and demands. These drainage and service areas are referred to as depletion
study areas (DSAs). DSA boundaries are based on drainage area lines in the mountain areas, as
well as a combination of drainage and water service area lines in the valley floor areas. The
Sacramento Valley DSAs where CU/DA output was used in PROSIM is shown in Figure IV-2.
In general, PROSIM nodes correspond to DWR’s DSAs. In some instances, however, several
nodes may occur within a DSA. The Sacramento Valley DSAs and PROSIM facilities are
presented in Figure IV-3. Detailed descriptions of the CU/DA are available in the Consumptive
Use Model and Depletion Analysis Overview (DWR, 1991) and Sununm3’ of Hydrologies at the
1990, 1995, 2000, 2010, and 2020 Levels of Development for Use in DWRSIM Planning Studies
(DWR, 1994).
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DEVELOPMENT OF HYDROLOGY FOR 1995 AND 2020 LEVELS

Reservoir Inflows

The projected 1995 (C6A) and 2020 (C9A) reservoir inflows used in the PEIS analysis were
taken fi’om pre-operated, DWR Depletion Analysis studies. The data included assumptions
regarding projected upstream DSA consumptive use and reservoir operations.

Projected reservoir inflows represent historical inflows modified to a future level of development
for projected upstream depletion and upstream reservoir operations. All reservoir inflow data
were taken directly from DA output, and input directly into PROSIM format. The DA tables that
were used for PROSIM nodes 1, 3, 4, 10, and 14 are given in Table IV-1.

Gains

The gains developed for the PEIS analysis represent estimates of local DSA water supplies at
1995 (C6A) and 2020 (C9A) levels of development. The gains were computed using
Reclamation’s existing water balance approach (see below) and included assumptions regarding
projected DSA and upstream consumptive use and reservoir operations.

Gains are divided into four groups: Sacramento Valley, American River, Delta, and
Miscellaneous. Table IV-2 provides a summary of the updated updated 1995 (C6A) and 2020
(C9A) average annual gains for each PROSIM node. The different gain groups are discussed
below.

Sacramento Valley Gains. Sacramento Valley gains represent the accretion/depletion of
water supply by DSA for a projected level of development. Each DSA corresponds
approximately to a PROSIM node. Projected level gains are computed by making adjustments to
estimates of historical water supply available under conditions of no development. These
adjustments account for projected changes in land use and operation of local water supply
facilities within a given DSA. These adjustments are made as part of the CU/DA studies
conducted by I)WR. Groundwater operations (e.g., diversions to and from storage) are
unmodified from the DA.

The data from seven Sacramento Valley floor DSAs were used to compute the majority of the
gains in PROSIM. The relationship of DSAs to PROSIM nodes is given in Table IV-3.

The gains were calculated using Reclamation methodology to reflect 1995 (C6A) and 2020 (C9A)
projected levels of development. A schematic depicting the data items used in a typical gains
computation is shown in Figure IV-4 and a generic description of the mathematical process used
to compute the gain is given below. The components used to compute gains for Sacramento
Valley PROSIM nodes are presented in Tables IV-4 through IV-10.
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¯ Land Use Data
¯ Evapotranspiration

¯ Rooting Depths
¯ Soil Moisture Criteria

¯ Precipitation Data

Consumptive Use Model      I

¯ Historical Depletion ¯ Historical Imports and Exports

¯ Historical Replaced Native Vegetation ¯ Projected Imports and Exports

¯ Projected Consumptive Use ¯ Irrigation Efflciencies

¯ Projected Replaced Native Vegetation ¯ Basin Inflow Adjustments

Depletion Analysis Model

¯ Local Supply

¯ Pre-Operated GW Operations

¯ Projected Diversion Requirements

FIGURE IV-1

CONSUMPTIVE USE AND DEPLETION ANALYSIS MODELS
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FIGURE IV-2

DEPLETION STUDY AREAS NORTH OF THE DELTA
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LEGEND:

Depletion Study Areas
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FIGURE IV-3

DEPLETION STUDY AREAS NORTH OF THE DELTA AND PROSlM FACILITIES
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TABLE IV-1

RELATION OF PROSlM AND DWRSlM INFLOWS

Location of Inflow PROSIM Node DWRSIM Table(s)
Clair I:ngle Lake (Trinity River) ~ IN1
Whiskeytown Lake (Clear Creek) 3 IN3

Shasta Lake (Sacramento River) 4 "’ IN4

Lake Oroville (Feather River) 10 IN6 + IN7 (1)
Folsom Lake (American River) 14 IN17 + IN8 i2)

NOTES:

(1) (IN6 + IN7) = Combined Lake Oroville Inflow (Lake Oroville + Kelly Ridge)
(2) (IN17 + IN8) = Combined Folsom Lake Inflow (Auburn Reservoir Site + Folsom Lake (Local))

TABLE IV-2

AVERAGE ANNUAL GAINS BY PROSIM NODE

Average Annual Gains
(in acre-feet)(1)

"Eady 1990s No-Action
PROSIM DSA Conditions Alternative
Node No. No. Node Descdption C6A CgA

2 Lewiston Lake 48,000 48,000
’5 ’ 58 Red Bluff Diversion Dam 21140,000 2,173,000
6 10 Stony Creek near Chico between Red Bluff and Ord Ferry 2,058,000 2,063,000
7 15 Sacramento River-- Navigation Control Point 459,000 459,000
9 12 T~hama Colusa Canal 317,000 374,000
12 69 Feather River near mouth 2,957,000 2,968,000
13’ 70 Sacramento River confluence with Feather River ’ 631,000 701,000
15 American River- Nimbus 0 0
16 American River-- H Street -2,000 -2,000
17 Sacramento River confluence with American River -1,000 -1,000
28 Delta 812,000 812,000
48 Mendota Pool Users with Hard De~ciency Criteria 200,000 225,000
50 65 Yolo Bypass 9~710~0 977,000

NOTES:

(1) Developed from DWR Bulletin 160-93 CU/DA C6A and G9A hydrologies (water years 1922 - 1990).
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TABLE IV-3

CONSUMPTIVE USE/DEPLETION ANALYSIS DEPLETION STUDY AREAS
AND PROSIM NODES

DSA PROSIM Node Geographic Area
58 5 Sacramento River, Shasta Lake to Lake Red Bluff

10 6 Sacramento River, Lake Red Bluff to Stony Creek

15 7 Sacramento River, Stony Creek to Knights Landing

12 9 Colusa Basin Drain to Knights Landing

69 12 Feather River, Lake Oroville to mouth
70 13 Sacramento River, Verona to Freeport, and Amedcan River,

Folsom Lake to mouth

65 50 Yolo Bypass, Fremont Weir to Cache Slough
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-HN (Historical Native
Vegetation -HI (Pdmary
Consumptive Historical
Use) ~N~

~ Inflow)

DEPLETION
+HE (Historical ~ STUDY ~ -HIM (Historical

Export) AREA Import)

+HI:) (Historical
Depletion) -Ha (Historical

Outflow)

FIGURE IV-4

PROSIM GAINS COMPUTATION SCHEMATIC
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TABLE IV-4

DSA58 -- PROSlM NODE 5 GAIN COMPONENTS

Sign Description
+ HQ58 = Historical Sacramento River Flow near Red Bluff
- HQ62 = Historical outflow of DSA62 (Sacramento River at Shasta Dam)
+ HD58 = Historical Depletion for DSA58, output of CU Model
- HN58 = Historical Native Vegetation Consumptive Use for DSA58 output of CU Model

+ Removal of Historical Storage Change of Whiskeytown Reservoir and Trinity River Imports
- Historical Flow of Clear Creek

- Additional Runoff due to replaced native vegetation = negative values of the Projected CUAW
(Consumptive Use of Applied Water) from the output of DA Model

+ UM03 = Additional outflow of DSA03 (Paynes Creek)
- Depletion Loss to Groundwater = DSA58 Diversion to Storage Values from the Depletion

Analysis output

+ Historical Evaporation Whiskeytown Reservoi’r

+ Diversion from Theoretical Storage

TABLE IV-5

DSA10 -- PROSlM NODE 6 GAIN COMPONENTS

Sign Description
+ HQ10 = Historical Flow of Sacramento River at Ord Ferry + Sacramento River Overflows to

Butte Basin
- HQ58 = Historical Sacramento River Flow near Red Bluff
+ HD10 = Historical Depletion for DSA10, output of CU Model
- HN10 = Historical Native Vegetation Consumptive Use for DSA10, output of CU Model

+ HEAl0 = Historical Export of Tehama-Colusa Canal
+ HEB10 = Historical Export of Glenn-Colusa Canal

- Additional Runoff due to replaced native vegetation = the negative values of the Projected
CUAW for DSA10 from output of DA Model

+ UM11 = Upstream Modification for DSA11 = the p~ojected modification to Historical Stony
Creek flow due to upstream reservoir operation
Depletion Loss to Groundwater = DSA10 Diversion to Storage Values from output of the DA
Model

+    Diversion from Theoretical Storage
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TABLE IV-6

DSA15 -- PROSIM NODE 7 GAIN COMPONENTS

Sign Description
+ HQ15 = Historical Outflow of Sacramento River above the mouth of the Colusa Basin Drain,

including Sacramento River spills to Sutter Bypass
HQ10 = Historical Outflow of Sacramento River at Ord Ferry + Sacramento River Overflows
to Butte Basin

+ H D15 = Historical Depletion for DSA15, output of CU Model
HN15 = Historical Native Vegetation Consumptive Use for DSA15, output of CU Model

+ HEAl5 = Historical Export of RD1500 Drain to Sutter Bypass
+ HEB15 = Historical Export to DSA12

Additional Runoff due to replaced native vegetation = the negative values of the Projected
CUAW from output of the DA model

+ DSA15 Historical Outflow Correction = a 4 percent increase adjustment in historical
Sacramento Valley outflow prior to 1946. The reasoning behind this adjustment is that in
earlier depletion studies it was observed that runoff characteristics of the valley basin had
changed with development. This adjustment was developed to incorporate the observed
changes into the analysis.
Depletion Loss to Groundwater = DSA15 Diversion to Storage Values from output of the DA
Model

+    Diversion from Theoretical Storage

TABLE IV-7

DSA12 -- PROSIM NODE 9 GAIN COMPONENTS

Sign Description
+ HQ12 = Estimated Historical Outflow Colusa Basin Drain at Knights Landing + Sycamore

Slough to Colusa Basin Drain, excludes Sycamore Slough to Sacramento River

+ HD12 "- Historical Depletion for DSA12, output of CU Model
HN12 = Historical Native Vegetation Consumptive Use for DSA12, output of CU model

+ HIA10 = Historical Import to DSA12 from the Tehama-Colusa Canal
+ HIB10 = Historical Import to DSA12 from the Glenn Colusa Canal

+ HI15 = Historical Import for DSA12 from DSA15

+ HE12 = Historical Export Knights Landing Ridge cut to Yolo Bypass
Additional Runoff due to replaced native vegetation = the negative values of the Projected
CUAW from output of the DA Model

Projected Export of Knights Landing Ridge Cut to Yolo Bypass
+ DSA12 Historical Outflow correction - a 4 percent increase adjustment in historical

Sacramento Valley outflow prior to 1946. The reasoning behind this adjustment is that in
earlier depletion studies it was observed that runoff characteristics of the valley basin had
changed with development. This adjustment was developed to incorporate the observed
changes into the analysis.
Depletion Loss to Groundwater = DSA12 Diversion to Storage Values from output of the DA
Model

+    Diversion from Theoretical Storage
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TABLE IV-8

DSA69-- PROSIM NODE 12 GAIN COMPONENTS

Sign Description
+ HQ69 = Historical Outflow DA69 (Feaihe’r River)

HQ17 = Historical flow of Feather River at Inflow to Oroville Reservoir
+ HD69 = Historical Depletion for DSA69, output of CU Model

HN69 = Historical Native Vegetation Consumptive use for DSA69, output of CU Model

Historical Import Kelly Ridge

+ HEA69 = Historical Export Camp Far West Diversion to South Sutter WD

+ HEB69 = Hisiorical Export Feather Riv;er’ Left Bank Diversions

+ Removal of Effects of Oroville Reservoir and Thermalito Afterbay
Additional Runoff due to replaced native vegetation = the negative values of the Projected
CUAW from output of the DA Model

+ UM67 = Upstream Modification of DSA67 (Yuba River) dee to reservoir operations

+ UM68 = Upstream Modification of DSA68 (Bear River) due to reservoir operations
+ Additional Imports above historical from Forbestown Ditch from DSA17
+ Additional Imports above historical from Miners Ranch Canal from DSA17

+ Additional Imports above historical from Dry Creek fron~’ DSA67

+ Additional Imports above historical from Tarr Ditch
Projected Export of Camp Far West Diversion to South Sutter WD
Projected Export of Feather River Left Bank’ Diversions

+ DSA69 Hisiorical Outflow Correction = a 4 percent increase adjustment in historical
Sacramento Valley outflow prior to 1946. The reasoning behind this adjustment is that in
earlier depletion studies it was observed that runoff characteristics of the valley basin had
changed with development. This adjustment was developed to incorporate the observed
changes into the analysis.
Projected Depletion Adjustrrient = Because the DA assumes that the historical supply of water
is available at a projected development level and is part of the local supply, a slight mismatch
can occur when historically the consumptive use was higher than the projected consumptive
use. This occurs in some of the later years and an adjustment was made to DSA69 gains to
reflect this water.
Depletion to Groundwater = DSA69 Diversion to Storage Values output from the DA Model
HEAl5 = Historical Export of RD1500 Drain to Sutter Bypass

+    Diversion from Theoretical Storage
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TABLE IV-9

DSA70 -- PROSIM NODE 13 GAIN COMPONENTS

Sign Description
+ HQ70 = Historical outflow Sacramento River at Freeport + early years Verona adjustment +

Sacramento Weir Spills to Yolo Bypass

HQ12 = Historical outflow of DSA12 (Colusa Basin Drain)
HQ15 = Historical outflow of DSA15 (Sacramento River above Coiusa Basin Drain)

- HQ22 = Historical inflow to Folsom Reservoir (American River)
- HQ69 = Historical Outflow of DsA69 (Feather River)
+ HD70 = Historical Depletion for DSA70, output of CU Model
- HN70 = Historical Native Vegetation Consumptive Use, output of CU Model
- Historical Import Placer County Water Agency
+ HEA70 = Historical Export South Canal
+ HEB70 = Historical Folsom South Canal Exports
+ HEC70 = Historical Export Sacramento River Right Bank Diversions to DSA 65
+ HEE70 = Historical Export American River to the City of Sacramento

+ HEF70 = Historical Export Sacramento River to the City of Sacramento
+ Removal of Historical Change of Folsom Reservoir and Natomas Reservoir
+ Historical Fremont Weir Spills

- Additional Runoff due to replaced native vegetation = the negative values of the DSA70
Projected CUAW from output of the DA Model

+ Additional Import Bear River Canal
+ Additional Import Boardman and Towle Canal
+ Additional Import Combie Canal
+ Additional Import South Sutter WD
+ Additional Import Left Bank Feather River Diversions
- Projected Export South Canal
+ DSA70 Historical Outflow Correction = a 4 percent increase adjustment in historical

Sacramento Valley outflow prior to 1946. The reasoning behind this adjustment is that in
earlier depletion studies it was observed that runoff characteristics of the valley basin had
changed with development. This adjustment was developed to incorporate the observed
changed into the analysis.

- Portion of DSA70 gain attributable to the American River at PROSIM Node 15

- Portion of DSA70 gain attributable to the American River at PROSIM Node 16

- Portion of DSA70 gain attributable to the American River at PROSIM Node 17

- Depletion to Groundwater = DSA70 Diversion to Storage Values from output of the DA Model
+    Diversion from Theoretical Storage
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TABLE IV-10

DSA65 -- PROSIM NODE 50 GAIN COMPONENTS

Sign Description

+ HQA65 = Historical Flow of Putah Creek near Davis + Yolo Bypass near Woodland (excludes
Sacramento Weir Spills) (Some values are estimated)

+ HQD65 = 7.1 l*Pleasants Creek near Winters
+ HD65 = Historical Depletion for DSA65, output of CU Model

HN65 = Historical Native Vegetation Consumptive Use, output of CU Model

HEC70 = Historical Import from Sacramento River to Right Bank Diverters
Fremont Weir = Historical Fremont Weir Spills

+ HE65 = Historical Export of Putah South Canal to North Bay
Additional Runoff due to replaced native vegetation = the negative values of DSA65 Projected CUAW
from output of DA Model

+ UM16 = Upstream Modification for DSA16 (Cache Creek) based on DWR upstream reservoir operation
study

+ UM24 = Upstream Modification for DSA24 (Putah Creek) based on DWR upstream reservoir operation
study

+ Additional Knights Landing Ridge Cut import from DSA12

PE65 = Projected export south of Putah South Canal to North Bay
+ Historical DSA65 Outflow Correction = a 4 percent increase adjustment in historical Sacramento Valley

outflow prior to 1946. The reasoning behind this adjustment is that in earlier depletion studies it was
observed that runoff characteristics of the valley basin had changed with development. This adjustment
was developed to incorporate the observed changes into the analysis.
Depletion to Groundwater = DSA65 Diversion to Storage Values from output of DA Model

+ Diversion from Theoretical Storage

To Restore Historical Effects:

HQ (historical outflow)
+ HD (historical depletion)
+ HE (historical export)

HI (primary historical surface inflow)
- HIM (historical import)
- HN (historical NV consumptive use)

= Virgin Accretion for DSA (no development, except for historical groundwater pumping)

To Add Projected Effects:

Virgin Accretion for DSA
+ Projected Rim Flows
+ Additional Runoff Due to Replaced NV
+ Diversions from Theoretical Storage
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Winter Depletion Loss Due to Additional Groundwater Pumping

= Projected Gains

where:

Historical Outflow (HQ):
The historical outflow ofa DSA, represented by a river gauge value.

Historical Depletion (HD):
The historical depletion of water for historical levels of agriculture and urban usages. This
value includes historical groundwater pumping. This value is an output of the CU and is
an input to the DA.

Historical Export (I-[E):
The historical export of water from one DSA to another through canals and other water
works.

Historical Inflow (HI):
The primary historical inflows to a DSA, represented by river gauge values.

Historical Import (HIM):
The historical import of water from another DSA into the base DSA through Canal and
other water works.

Historical Native Vegetation Consumptive Use (I-IN):
The historical native vegetation consumptive use for historical levels of development.
This value is an output of the CU and is an input to the DA.

Virgin Accretion for DSA:
The amount of water produced locally within the DSA that would be available under
conditions of no development except for historical groundwater pumping.

Projected Rim Flow:
The projected level of development values for streams contributing to a DSA water
supply. These values are input items into the DA, though most are in a modified form
(historical flows - projected flows).

Additional Runoff Due to Replaced Native Vegetation:
An estimate of the additional precipitation runoff contribution within a DSA is used
because of a change in land use from native vegetation to agricultural production at a
projected level of development. This contribution was calculated using the positive values
only of Replaced Native Vegetation Consumptive Use -Total Projected Depletion from
Agriculture + Urban, with negative values replaced with zeroes.

Diversions from Theoretical Storage:
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These diversions represent possible groundwater pumping in excess of historical
groundwater pumping that is required to satisfy projected water demand in a specific
DSA. The diversions from theoretical storage for each DSA were added to the gains for
input into PROSIM. Theoretical storage withdrawals are generally balanced by the winter
depletion losses due to additiondl groundwater pumping.

Winter Depletion Loss Due to Additional Groundwater Pumping:
The amount of additional percolation of local supply because groundwater pumping above
historical levels is assumed to occur at a projected level of development. These values are
output items from DWR’s Depletion Analysis.

Projected Gains:
The accretion/depletion of local water supplies at a projected level of development.

American River Gains. The purpose of these gain calculations is to separate those gains
which can be attributed to the American River Basin from the larger DSA70 gain values. These
gain values are input into DSA70 - PROSIM Node 13 gain calculations.

PROSIM Nodes 15, 16, and 17 American River Gain Components and
Assumptions. Following Reclamation’s methodology, gains attributable to the American River
Basin due to precipitation runoffand river losses at PROSIM nodes 15, 16, and 17 were used to
adjust node 13 gain calculations. The lower American River losses were estimated by DWR in
the 1960’s to be about 41,000 acre-feet per year. This annual loss was distributed over nodes 15,
16, and 17 in a constant annual distribution pattern. The precipitation runoff‘coefficient was
assumed to be approximately 0.5.

Assumptions Made on the American River Hydrology

1. DWR estimated in the 1960s that the losses for the lower American River
were approximately 41,000 acre-feet per year. This loss is distributed over
PROSIM nodes 15, 16, and 17.

2. A precipitation runoff‘coefficient of 0.5 has been assumed as an
approximate runoff‘coefficient.

PROSIM Node 15 Gain Components

1. (+) Natomas Accretion, produced by DWR staff, data is DWRSIM
IN9.

2. (-)    Breakdown of lower American river loss attributed to Node 15.

PROSIM Node 16 Gain Components

1. Precipitation at the Sacramento National Weather Service Site.
2. Runoff basin area associated with PROSIM Node 16.
3. (+) Precipitation Accretion value for the month, calculated using:

((Precip/12)*basin area)/1000*0.5 = Precip Accretion (in thousand acre-
feet)
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4. (-)    Breakdown of lower American River loss attributed to Node 16.

PROSIM Node 17 Gain Components

1. Precipitation at the Sacramento National Weather Service Site.
2. Runoffbasin area associated with PROSIM Node 17.
3, (+) Precipitation Accretion value for the month, calculated using:

((Precip/12)*basin area)/1000*0.5 --- Precip Accretion (in thousand acre-
feet)

4. (-)    Breakdown of lower American River loss attributed to Node 17.

Delta Gains. The Delta has three gain components. These components are read in as separate
input data files: San Joaquin River at Vernalis, Eastside Streams inflows to the Delta, and Delta
precipitation. Both San Joaquin River at Vernalis and Eastside streams flows were taken from
SANJASM output and represent pre-operated inflow to the Delta. These flows were the result of
iterative SANJASM and PROSIM runs in which output data from one model was used as input to
the other. For each alternative, this iterative process was continued until the output from one
model no longer caused the output from the other model to vary significantly from that of the
previous iteration. Delta precipitation is taken directly from a DWR input file (IN94) and is part
of the GAN input file.

Other Miscellaneous Gains. Gains for the remaining tributary areas include Trinity River at
Lewiston Lake (PROSIM node 2) and Millerton Lake spills limited to 2,000 cfs plus James
Bypass (PROSIM node 48). No computation is required for these two gains time series. The gain
for PROSIM node 2 is taken directly from a DWR input file (IN94). Gains for PROSIM node 48
are taken directly from SANJASM. These gains are part of the GAN input file.

DEVELOPMENT OF DEMANDS FOR 1995 AND 2020 LEVELS

Demands and Contract Amounts

PROSIM logic divides DSA water demands into two groups: Project and Non-Project. Project
demand represents the projected CVP/SWP contractual use of water within a DSA. Non-project
demands represent demands met by local surface water diversions and groundwater. CVP
demands are broken into two PROSIM input data files: Project agricultural demand and project
M&I demand. Agricultural demands are based on Depletion Analysis projected 1995 (C6A) and
2020 (C9A) total DSA water diversion requirements. Project M&I demands are based on the
future demand projections of water districts. SWP demands are divided into Feather River
Service Area (FRSA) demands in the North and entitlements located south of the Delta.

CVP contracts included in the PEIS analysis included only existing long-term, renewable
contracts. Interim contracts were not included. For the No-Action Alternative, CVP contracts
were adjusted based on a comparison with Reclamation’s 705 Program data. CVP contracts were
based on the full contract if the maximum annual delivery during the period 1980 - 1993 was
equal to the contract amount. Otherwise, the maximum annual historical delivery was used. A
summary table of the CVP contracts used in the PEIS alternatives is presented in Table IV-11.
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The specific diversion locations for a number of small Sacramento River contractors were
unknown. These contractors, defined as Sacramento Miscellaneous Users, were assigned to
PROSIM nodes based on the distribution developed by Reclamation for the original 1995 (C01)
demand data set. The difference between the sum of the contracts for the miscellaneous users at
the 2020 and 1995 levels was distributed, on a weighted basis, among PROSIM nodes 5, 6, 7, 13,
and 50.

CVP refuge contracts were based on Fish and Wildlife Service’s (Service) 1989 and 1992 Refuge
Water Supply Studies. Refuge contracts used in the PEIS are presented in Table IV-12.

SWP entitlements were based on DWR Bulletins 132-93 and Draft Bulletin 160-93, including
adjustments made by DWR staff. SWP entitlements used in the PEIS are presented in
Table IV-13. For alternatives other than the No-Action Alternative, any CVP and SWP contract
differences (in comparison to the No-Action Alternative) were specified in the alternative
description.

Sacramento Valley Agricultural Demands

For the PEIS, Sacramento Valley agricultural demands were developed, using Reclamation
methodology, to reflect 1995 (C6A) and 2020 (C9A) projected levels of development. The
distribution of demands in the Sacramento Valley was calculated on the basis of contract year
(March through February), not water year (October through September).

Sacramento Valley agricultural demands represent the projected non-project demand and CVP or
SWP contractual water use within a DSA for agricultural purposes. In this area, PROSIM nodes
with agricultural demands include nodes 5, 6, 7, 8, 9, 11, 12, 13, and 50. Reclamation’s
methodology for generating Sacramento Valley agricultural demands was based on the following
equation:

Total DSA Water Diversion = CVP and SWP Project Demand + Non-project Demand

where: Total DSA Water Diversion = DWR Bulletin 160-93: DA Table 14 Direct
Diversion of Streamflow

This value is the amount of water required to satisfy a DSA’s water demand at a projected level
of development. This water is in addition to that supplied by precipitation.

At node 11, the DA deficiencies are built into the FRSA demands. For other north of Delta
nodes, deficiencies are applied dynamically based on the objectives and operational requirements
of the simulations.
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TABLE IV-12

PROJECTED PEIS CVP REFUGE CONTRACTS SIMULATED IN PEISIM
(IN ACRE-FEET)

Early 1990s
Conditions, Recent Alternative 1;

Conditions, No- Supplemental
Action Alternative; Analyses la, ld,

Early 1980s No Bay-Delta Plan Cumulative Alternatives 2,
Refuges Conditions (2) Accord Impacts 3, and 4

Node 7
Sutter NWR (1) 0 0 26,000 33,000
Gray Lodge WMA (1) 0 0 41,000 51,000

Node 9
Sacramento NWR 43,000 46,000 62,000 67,000
Delevan NWR 17,000 21,000 28,000 40,000
Colusa NWR 17,000 25,000 33,000 33,000

Total Refuge Contracts, North of Delta 77,000 92,000 190,000 224,000
Node 37

Kern NWR 10,000 10,000 11,000 11,000
Pixley NWR (3) 0 0 0 0

Node 47
Volta WMA 0 13,000 13,000 16,000

Node 54
Grasslands 0 48,000 147,000 212,000
Los Banos WMA 16,000 17,000 20,000 31,000
Kesterson NWR 0 10,000 11,000 11,000
San Luis NWR 10,000 19,000 25,000 25,000
Mendota NWR 18,000 19,000 28,000 30,000
San Joaquin Basin Action Lands (4) 0 22,000 38,000 46,000

Total Refuge Contracts, South of Delta 54,000 158,000 293,000 382,000

Total Refuge Contracts, North and 131,000 250,000 483,000 606,000
South of Delta
NOTES:

(1) In Early 1980s Conditions, Eady 1990s Conditions, Recent Conditions, and No-Action Alternative, refuge
water is provided by non-CVP sources (Sutter NWR: 24,000 acre-feet, Grey Lodge WMA: 35,000 acre-
feet).

(2) Refuge water supplies based on average historical deliveries from CVP and other water suppliers as
discussed in the 1989 and 1992 Refuge Water Supply Studies and San Joaquin Basin Action Plan from
the late 1970s through the mid-1980s.

(3) In all simulations, Pixley receives additional 1,000 acre-feet from non-CVP sources.
(4) San Joaquin Basin Action Lands include: Freitas Unit, West Gallo Unit, China Island Unit, and Salt Slough

Unit.
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TABLE IV-13

PROJECTED PEIS SWP ENTITLEMENTS SIMULATED IN PEISlM
(IN ACRE-FEET) (1)

No-Action Alternative; No Bay-
Delta Plan Accord; Alternatives 1,

Early t980s Conditions, Early 2, 3, and 4; Supplemental Analyses
1990s Conditions, Recent la, ld, and Cumulative

Re,lion Conditions Impacts (2)
Upper Feather River

Node 11 1,049,000 1,083,000
Subtotal (3) 1,049,000 1,083,000

North Bay Area
Node 30 49,000 67,000
Subtotal 49,000 67,000

South Bay Area
Node 31 180,000 188,000
Subtotal 180,000 188,000

San Joaquin Valley Area
Node 32 6,000 6,000
Node 36 921,000 921,000
Node 38 351,000 351,000
Node 39 65,000 65,000
Subtotal 1,343,000 1,343,000

Central Coastal Area
Node 36 0 50,000
Subtotal (4) 0 50,000

Southern California Area
Node 39 161,000 208,000
Node 41 109,000 1,023,000
Node 42 471,000 471,000
Node 44 792,000 807,000
Subtotal 213621000 215091000

Grand Total 419811000 5,204,000
NOTES:

(1) SWP entitlements based on DWR Bulletin 132-93 and recommendations of DWR staff. SWP
entitlements do not include losses.

(2) Projected SWP entitlements for Alternatives 2, 3, and 4 do not include reductions for water acquisition
(see Surface Water Supplies and Facilities Operations Technical Appendix).

(3) Source: C09A CU/DA. Maximum Annual SWP delivery to Feather River Water Rights.
(4) Per Barnes memo, 04/14/1994, aqueduct is not scheduled to be built before 1996/1997. Data from Table

B-5B has been revised based on changes submitted in late 1993, early 1994.

The sum of the contracts within each DSA was compared to the annual total in DA Table 14 for
each contract year (March through February). If the sum of the contracts was greater than the
diversion requirement given in Table 14, the Table 14 demand time series was used to represent
the project agricultural demand. If the contract amount was less than that given in Table 14, the
monthly project agricultural demand was adjusted based on the following equation:
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Monthly Project Agricultural Demand = (Table 14 Monthly Diversion/Table 14 Annual
Diversion)*(Contract Amount)

Non-project demands are those water demands not associated with the CVP or SWP. These
demands are assumed to be the difference between the total diversion requirement and the sum of
the contracts. PROSIM nodes with non-project demands include nodes 5, 6, 7, 9, 12, 13, and 50.
In years in which the sum of the contracts was greater than the total water diversion requirement,
no non-project demand was assumed to exist.

Wildlife refuge monthly distribution patterns were updated to reflect data in the Refuge Water
Supply Proposed Plan of Study (Reclamation, 1993). Because refuge demands were not
considered a direct consumptive use in the Depletion Analysis, they were added to the project
agricultural demand after the non-project demand had been calculated. Export Demands were
either added or subtracted from the project demand as required.

Described below are the formulas for the breakdown of PROSIM Sacramento Valley agricultural
demands. "WDR" is the Total DSA Water Diversion Requirement.

DSA58 WDR = Project Demand Node 5 + Non-project Demand Node 5

DSA10 WDR = Project Demand Node 6 + Project Demand Node 8 + Non-project Demand
Node 6

DSA15 WDR = Project Demand Node 7 + Non-project Demand Node 7 + Feather WD

Although the Feather WD is located in DSA 69, its demands were added to
DSA15 WDR because it has a contract for Sacramento River water.

Total Project Demand Node 7 = Project Demand Node 7 + Wildlife Refuge
Water

Wildlife refuge water was added as an additional component because it is
not directly considered as a consumptive use in the Depletion Analysis.

DSA12 WDR = Project Demand Node 9 + Non-project Demand Node 9

Total Project Demand Node 9 = Project Demand Node 9 + Wildlife Refuge
Water

DSA69 WDR = Project Demand Node 11 + Non-project Demand Node 12 - Feather WD

Although the Feather WD is located in DSA 69, its demands were added to
DSA15 WDR because it has a contract for Sacramento River water. For
this reason, its demands were subtracted t~om DSA 69 WDR.

Project Demand Node 11 was taken directly from CU/DA YD67, the
projected FRSA requirement. It is represented at node 11 because FRSA
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users should not have access to Yuba River and Bear River water that is
part of the gain at node 12.

Non-project Demand Node 12 = WDR - Project Demand Node 11 -
CU/DA Table 142T FRSA Agricultural Demands Deficiency Reduction -
Feather WD

DSA70 WDR = Project Demand Node 13 + Non-project Demand Node 13 + estimated
Outdoor Usage from Nodes 14, 16, and 17

In the Depletion Analysis, urban land use is split between indoor and
outdoor M&I use. Indoor use is assumed to have a 100 percent return
component, so only outdoor use is reflected in the overall water demand
for a region. In PROSIM, nodes 14, 16, and 17 include major M&I uses in
DSA70, only the outdoor use portion was included in the overall water
demand calculated in the Depletion Analysis.

DSA65 WDR = Project Demand Node 50 + Non-project Demand Node 50

Delta Agricultural Demands

Delta Consumptive Use was taken directly from Depletion Analysis output for projected 1995
(C6A) and 2020 (C9A) levels of development. It is included in the DLT input file.

South of Delta CVP Agricultural Demands

South of the Delta CVP agricultural demands are based on a set of monthly distributions of the
annual contracts. PROSIM nodes with CVP agricultural demands include nodes 34, 35, 37, 45,
47, 48, 50, 52, 53, 54, 55. Most of these agricultural demands are based on patterns provided by
Reclamation. The contract amounts were updated, and the monthly percent distribution patterns
remained the same. At PROSIM node 37, the Cross Valley Canal agricultural demand pattern
was revised based on Reclamation’s historical delivery patterns from 1987, 1988, and 1989
monthly Central Valley Project Reports of Operation preliminary records. Demands at Nodes 52
and 55 represent losses along the Delta Mendota Canal.

M&I Demands

M&I demands were based either on a set monthly distribution of the annual contract amount or
on a projected level of development. The annual contract amounts and projected levels of
development were provided by the water districts. PROSIM nodes with M&I demand include:
14, 15, 16, 17, 28, 29, 34, and 35. For the American River Basin (PROSIM Nodes 14, 15, and
16), estimated annual demands and monthly distribution patterns were used.
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SWP Demands (South of Delta)

South of the Delta, SWP M&I and agricultural demands were represented as monthly values
based on a distribution of the annual entitlement. PROSIM nodes with SWP demands include:
30, 31, 32, 36, 38, 39, 41, 42, and 44. The monthly distribution patterns were based on input to
DWR’s DWRSIM model ran (" 1995C01-BDHEAR- 100B>H; NEW HYDRO.; 1991 LEVEL
(3.6 million acre-feet [MAF]) SWP DEMANDS-WHL90 1991 LEVEL (3.4 MAF) CVP
DMAND; BNKS PP W/USCE PERM][T (6680 CFS); D1485 W/INTRM; SUISUN MARSH +
NEW EMMATON; REVISED SJ & STANISLAUS REQT; CW=132/225 @ RS"). Entitlement
amounts for 1995 and 2020 were taken fi:om DWR’s Bulletin 132-93 and adjusted per an April
1994 memorandum t~om DWR. Fixed losses were included at appropriate nodes in addition to
total entitlements.

DEFICIENCIES -- CVP

Deficiencies are the cuts applied to project water deliveries in years when the entire contract
amount cannot be met. PROSIM logic attempts to portray the deficiency criteria methodology
used in actual operations and within the contract specifications. Detailed contract specifications
other than those dealing with general shortage criteria are not specifically included. Contractors
are grouped by regional PROSIM node (within a DSA), and their shortage criteria are based on
individual contract provisions. The following shortage criteria were identified.

1 = Agricultural
2= M&I
3 = Sacramento River Water Rights
4 = Exchange Contractors and Refuges
5 = Losses and Sac R. Miscellaneous Users
6= American River Water Rights

Different weighted average deficiency percentages calculated for each node, on the. basis of the
contracts, provide for a range of CVP target storage/deficiency conditions. Reclamation supplied
general carryover parameters and deficiency level criteria necessary for developing CVP
deficiencies. Following Reclamation’s logic, the 1995 (C6A) and 2020 (C9A) CVP weighted
average deficiencies were calculated by node. Unless otherwise specified in the alternatives,
Shasta Criteria deficiencies were applied to refuge deliveries.

American River Contractors

With the exception of contract year 1977, sufficient water is available in the American River to
deliver 2020 level of development CVP contract amounts based on deficiency criteria and full
water rights. In contract year 1977, pre-processed deficiencies are applied to water rights and
M&I contractors. These preprocessed deficiencies are presented in Table IV-14.
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TABLE IV-14

PRE-PROCESSED AMERICAN RIVER DEFICIENCIES FOR CONTRACT YEAR 1977
(2020 LEVEL OF DEVELOPMENT ONLY)

Type of Contractor PROSlM Node Deficiency Percentage

Water Rights Contractor 14 (1) 100
Water Rights Contractor 15 100
Water Rights Contractor 16 (2) 50
M&I Contractor 14 100

M&I Contractor 15 100

M&I Contractor 16 100
NOTES:

(1) PCWA diversions were simulated at node 14, but represent upstream withdrawals subject to available flow.
When PCWA demands exceeded the inflow to the Auburn Reservoir Site (DWRSIM IN17), demands were
reduced as necessary. PCWA was not subject to the above pre-processed deficiencies.

(2) Remaining 50 percent is delivered at PROSIM node 17 (Sacramento River) per pre-existing agreement.

DEFICIENCIES -- SWP

The deficiencies for SWP deliveries are based on available water supply and conveyance facility
capacities. For the PEIS, the deficiencies were the same for all nodes south of the Delta (nodes
30, 31, 32, 36, 38, 39, 41, 42, and 44). Deficiencies are applied in increasing incremental steps of
five percent for twenty levels of delivery.

EFFICIENCIES

Two efficiency input data files are required for PROSIM, one for project demands and one for
non-project demands north of the Delta. The efficiency data for both the non-project and project
efficiencies are based upon the basin efficiency values used in the Depletion Analysis (DA).
However, in the DA, the basin efficiencies do not vary between critical and non-critical hydrologic
year types. In PROSIM, the basin efficiencies are assumed to increase by ten percent in critical
years.

The DA splits urban land use into outdoor and indoor water usage. It assumes that indoor water
usage has a one hundred percent return component to the river. Efficiencies for PROSIM nodes
14, 16, and 17 were calculated on the basis of this indoor and outdoor usage estimate.

The methodology to estimate the breakdown of indoor versus outdoor use assumes that the
smallest winter demand at a node represents indoor water usage only. This amount of water is
assumed to be the indoor water usage each month with a 100 percent return component to the
river. Water use in excess of indoor usage is assumed to be outdoor usage, and the efficiency is
assumed to be equivalent to the basin efficiency (plus 10 percent in critical years). The monthly
PROSIM efficiency value was the calculated weighted average of the indoor and outdoor
efficiencies.
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PEISIM FILENAMING CONVENTIONS

INPUT FILES

Input files used in the PEIS analysis have eight character filenames and three character file
extensions. For a hypothetical filename, "12345678.ABC," the filenaming convention is as
follows.

Positions 1 through 3:
Type of file (e.g., "CMC" = Eastside Streams [Calaveras, Mokelumne, Cosumnes]). Table
IV-15 gives a complete list of the types of files which are used in the PEIS analyses.

Position 4:
Underscore ("_").

Positions 5 through 6:
Level of Developmem ("95" = 1995 Level of Development; "20" = 2020 Level of
Development). If the input file is not tied to a particular Level of Development, "XX" will
be used.

Position 7:
Version of hydrology (e.g., "G" = seventh version of hydrology). If the input file is not tied
to a particular version of hydrology, "X" will be used.

Position 8:
Version of input file (e.g., "3" = third version; "A" = twenty-seventh version).

Positions A through C:
Alternative or supplemental analysis simulation. A list of alternative and supplemental
analysis simulations and the associated three character file extensions are presented in Table
IV-16.

All input files used in an alternative are located in the same subdirectory. If an input file was used
in a previous alternative, the extension will not change. If the current simulation (e.g., Alternative
3 Simulation) was built upon a previous simulation (e.g., No-Action Alternative Simulation),
input files from the previous simulation will maintain the "NAI" extension. All input file headers
will include information on the alternative and source of input data.

As an example:

The filename "EPA_XXX1.NAI" will convey the following information:
¯ X2 Requirement input file;
¯ Input file not associated with particular Level of Development;
¯ Input file not associated with particular hydrology;
¯ Input file is the first version; and
¯ Input file associated with No-Action Alternative Simulation.
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TABLE IV-15

TYPES OF PROSIM/PEISIM INPUT FILES
Input File PROSlM or

Type PEISIM Description

CMC PROSIM Pre-Operated Eastside Streams Flow to Delta File

DFC PROSIM Deficiency File for CVP Project Demand Nodes
DFS PROSIM Deficiency File for SWP Project Demand Nodes
DLT PROSIM Minimum Delta Outflow Requirement Data File (Delta Consumptive Use and

Fixed Net Delta Consumptive Use)
DOI PROSIM Delta Outflow Index File
EPA PROSIM X2 Requirement File
FLD PROSIM Flood Control File
FTS PROSIM Minimum Instream Flow Requirements Time Series File
FWQ PROSIM Minimum Instream Flow Requirements (Year Type and Storage Based) File
GAN PROSIM Gains Time Series File
GEN PROSIM Power Generation Data File
GWC PROSIM Groundwater Control/Return Flow Percentage File
GWP PROSIM Groundwater Pumping File
HDG PROSIM Hodge’s Decision Requirement File
INF PROSIM Inflow Time Series File

MDO PROSIM MDO File
NPD PROSIM Non-Project Demand Time Series File
NPE PROSIM Non-Project Irrigation Efficiency File
PAG PROSIM Project Agricultural Demand File
PE_ PROSIM Project Efficiency File
PMI PROSIM Project M&I Demand File

POW PROSIM Power File
QW_ PROSIM QWEST Related Requirements and Criteria File
RAT PROSIM Delta Exports-to-Inflow Ratio File
RES PROSIM Reservoir File
S JR PROSIM Pre-Operated San Joaquin River Flow to Delta File

SWP PROSIM SWP Export Demands File
XCG PROSIM Rio Vista and Cross Channel Gates Criteria File
YRT PROSIM Year-Type File
DOW PEISIM Delta Outflow Windowing File
DL2 PEISIM Delta (Unmodified Minimum Delta Outflow) File
RVL PEISIM Minimum Instream Flow Requirement (Year Type and Trigger Mechanism)
RVT PEISIM Minimum Instream Flow Requirement (Time Series)
RVP PEISIM Percentage Distribution for Additional Water Needs within a Basin File
RVB PEISIM Base Instream Flow Time Series File
DLF PEISIM Delta Fixed Outflow Requirement File
DLC PEISIM Delta Conditional Outflow Requirement File
UNI PEISIM Unimpaired Flow Time Series File
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TABLE IV-16

PEISlM INPUT FILE EXTENSIONS

Alternative or Supplemental Analysis Simulation Abbreviation

No-Action Alternative NA1

Alternative 1 A1C

Alternative 2 AL2
Alternative 3 AL3

Alternative 4 AL4
Alternative la DLT

Alternative ld RR1
Cumulative Impacts CI1
No Bay-Delta Plan Accord DT1

Early 1990s Conditions EC1

Recent Conditions RC1
Early 1980s Conditions E80

A list of input files for each of the alternative or supplememal analysis simulations is presented in
Table IV- 17.

MCFs,

In the PEIS analysis, MCFs have eight character filenames and three character file extensions.
For a hypothetical filename, "12345678.ABC," the filenaming convention is as follows.

Positions 1 through 8:
Identifies alternative simulation. If the alternative simulation identification is less than eight
characters, the remaining positions are not used. A list of the eight character abbreviations
associated with the alternative and supplemental analysis simulations is presented in Table
IV-18.

Positions A through C:
File is an MCF ("MCF").

The MCF will include information on the extensions used in the alternative (e.g., the Alternative 1
Simulation MCF will include input files with the "NAI" as well as the "A1C" extensions).

As an example:

The filename "ALT1C_I 1.MCF" with convey the following information:

¯ File associated with Alternative 1 Simulation; and
¯ File is an MCF.
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PEISIM INPUT FILES BY ALTERNATIVE AND SUPPLEMENTAL ANALYSIS SIMULATIONS

CMC CMC_20X8.NA1 CMC_20X3.A1C CMC_20X3.AL2 CMC_2OX2.AL3 CMC_20X1.AL4 CMC_20X3.AlC CMC_2OX3.A1C CMC_20X3,AIC CMC_20X5,DT1 CMC_95X2.EC1 CMC_95X2..RCl CMC_80X2.ES0

DFS DFS_20G4.NA1 DFS_2OG4,NA1 DFS_20G2.AL2 DFS..20G2.AL2 DFS_20G2.AL2 DFS_2OG4,NAI DFS_20G4.NA1 DFS_2OG4.NA1 DFS_20G4.NA1 DFS_95G8.DT1 DFS_gSGS.RC1 DFS_95G8 RC1
DLT DLT_20G3,NA1 DLT_20G3,NAI DLT._2OG3.NA1 DLT_20G3.NA1 DLT_20G3.NA1 OLT_2OG3,NA1 DLT_20G3.NAI DLT_2OG3.NA1 DLT_2OG3,NA1 DLT_95X1.RC1 DLT_95X1.RC1 DLT_95X1 RC1

EPA EPA_XXXI .NA1 EPA_XXXI.NA1 EPA_XXX1.NAI EPA_XXX1,NA1 EPA_XXXI .DLT EPA_XXX1,DLT EPA_XXX1.NAI EPA_XXX1.NA1 EPA_XXXI ,DT1 EPA_XXX1.DT1 EPA_XXX1 .NAI EPA_XXX1 .DT1
FLD FLD_XXXl .NAI FLO_XXXI.NA] FLD_XXX~.NAI FLD_XXXI.NAI FLD_XXXI .NAt FLD_XXXl ,NAJ FLD_XXXI ,NAI FLD_XXX1.NA1 FLD..XXXI.NAI FLD_XYJ(I .NAI FLD_X)O(I .NAt FLD_XXXI NAI

FWQ FWQ_2OXZ.NA1 FWQ_2OXS.AIC FWQ_20XS.AIC FWQ_2OXS.A1C FWQ_20X8.AL4 FWQ_20XS.AlC FWQ_20XS.A1C FWQ_20XS.CI1 FWQ~20~2.DT1 " " =~VQ~0~(2.D’T1 " FWQ.20XZ.NA1 FWQ_8OX2.ES0
GAN GAN_20GA.NA1 GAN_20GA.NA1 GAN_2OGA.NA1 GAN_20GB.AL3 GAN_20GB.AL4 GAN_20GA.NA1 GAN_2OGA.NAI GAN_2~GA NA1 GAN_2OGA.NA1 GAN_95GS.EC1 GAN_95G7.RCl GAN_8OG2.ESO

GWC GWC_XXXl .NAI GWC_XXX1 ,NAt GWC_XXX1 .NA1 GWC_XXX1 .NA1 GWC_XXX1 .NA1 GWC_XXX1 .NA1 GWC_XXX1 .NA1 GWC_XXX1 .NA1 GWC_XXX1 .NA1 GWC_XXX1 .NA1 GWC_XXX1 .NAt GWC_XXX1 .NA1
GWP GWP_2OX2.NAI GWP_20X2.NA1 GWP_20X2..NA1 GWP_2OX2,NA1 GWP_20X2.NA1 GWP_2OX2.NA1 GWP_2OX2.NA1 GWP_20X2.NA1 GWP_20X2.NA1 GWP_2OX2.NA1 GWP_20X2.NA1 GWP_20X2.NA1
HDG N/A WA N/A WA N/A WA WA HDG_20X7.CI1 N/A N/A N/A N/A

MDO MDO_XXX1.NA1 MDO_XXX1.NAI MDO_XXXI.NAI MDO_XXXI.NA1 MDO_XXX4,AL4 MDO_XXXI.NA1 MDO_XXX1,NA1 MDO_XXX1.NA1 MDO_XXX3.DT1 MDO_XXX3.DTI MDO_XXX1.NAI MDO_XXX3.DTt

NPD NPD_2OGA.NA1 NPD_20GA.NAI NPD_20GA NAt NPD_20GB,AL3 NPD_20GB.AL3 NPD_20GA.NA1 NPD_2OGA,NAI NPD_20GA,NA1 NPD_2OGA NAI NPD_95G4.RCI NPD_95G4.RC1 NPD_95G4.RC1
NPE NPE_20G2.NA1 NPE_2OG2,NA1 NPE_20G2.NAI NPE_2OG2.NA1 NPE_20G2.NA1 NPE_20G2.NAI NPE_20G2.NA1 NPE_2OG2.NAI NPE_2OG2.NAI NPE_95G1 .RC1 NPE_95G1 ,RC1 NPE_95G1.RC1
PAG PAG_2OGG.NA1 PAG_20G1.A1B PAG_20G1.AL2 PAG_20GI.AI-2 PAG_20G 1.AL2 PAG_20GI.AIB PAG_2OG1.AIB PAG_20GI.CII PAG_2OGG.NA1 PAG_95GS.RC1 PAG_95G5.RC1 PAG_80G1.ESO
PE_ PE__20G3.NA1 P E__2OG3.NA1 P E__2OG3.NA1 PE__20G3.NA1 PE__20G3.NA~ PE__2OG3,NA1 PE__2OG3.NAI PE__2OG3.NA1 PE__2OG3.NAI PE__95G3.RCI PE__95G3.RC1 PE__95G3.RC1
PMI PML2OGA.NA1 PMI_2OGA.NA1 PMI_20GA.NA1 PMI_20GA.NAI PMI_20GA.NAI PMI_2OGA.NAI PMI_20GA.NA1 PMI_2OGS.Cll PMI_20GA.NA1 PMI_95GS.RC1 PMI_95GS.RC1 PML80G1 ,E80

RAT RAT_XXXt,NAI RAT_XXX1 .NA1 . RAT_XXX1.NA1 RAT_XXX1.NA1 RAT_XXX1,NA1 RAT_XXX1 .NA1 RAT_XXX1.NA1 RAT_XXX1 .NA1 RAT_ XXX1.DT1 RAT_XXX1.DT1 RAT_XXX1 .NA1 RAT_XXX1,DT1
RES RES_2OXA.NAI RES_2OXO,A1C RES_20XO.AIC RES_2OXO.AIC RES_2OXO.AIC RES_20XO.A1C RES_2OXO.A1C RES_2OXO.A1C RES_2OXD.DT1 RES_2OXD.DT1 RES_95G1.RC1 RES_80XB

SWP SWP_20G4,NAI SWP_2OG4 NA1 SWP_2OG1 .AL2 SWP_20GI.AL2 SWP_2OG1.AI P SWP_20G4.NA1 SWP_20G4.NA1 SWP_2OG4.NA1 SWP_2OG4.NA1 SWP_95G1 .RC1 SWP_95G1.RC1 SWP_95GI .RC1
XCG XCG_XXX1.NA1 XCG_XXXI.NA1 XCG_XXXI.NAt XCG_XXX1.NA1 XCG_XXX1.NAI XCG_XXXI,NA1 XCG_XXX 1 .NA1 XCG_XXX1.NAt XCG_XXX1 .DT1 XCG_XXX1,DT1 XCG_XXX1,NAt XCG_XXXt .DT1

DOW DOW_USED.NOT DOW_USED.NOT DOW_USED.NOT DOW_USED.NOT COW_USED.NOT SMELTWN2,NOT DOW_USED,NOT DOW_USFD.NOT DOW_USED.NOT DOW_USED.NOT DOW_USED.NOT DOW_USED.NOT
DL2 DL2~XXX2.NAt DL2_XXX2.NA1 DL2_XXX2.NA1 DL2_XXX2.NAI DL2_XXX2.NA1 DELTA2B.NA1 DL2_XXX2.NAI DL2_XXX2,NA1 DL2_XXXI .DT1 DL2_XXXI .DT1 DL2_XXX2.NAI DL2_XXX1 .DT1

RVT WA WA Rv’r_20X1 .AL2 WA RVT_20XB.AL4 N/A N/A N/A WA N/A WA WA
RVP WA WA RVP_20X2.AL2 WA RVP_20X2.AL2 N/A N/A WA WA N/A N/A

DLF WA WA DLF_USED.NT2 N/A DLF_USED.NT2 WA N/A WA N/A WA N/A N/A ~_~
DLC WA WA DLC_USED.NT2 WA DLC_USED.NT2 N/A WA N/A WA N/A



Draft PEIS Data Development for the PEIS

TABLE IV-18

PEISIM SIMULATION ABBREVIATIONS

Alternative or Supplemental Analysis Simulation Abbreviation
No-Action Alternative NAA_G23
Alternative 1 ALT1C_I 1
Alternative 2 ALT2B_02
Alternative 3 ALT3_6
Alternative 4 ALT4_N2

Alternative la ALT1C D8
Alternative ld ALT1C_R1
Cumulative Impacts ALTCI_17
No Bay-Delta Plan Accord DT20_G34
Eady 1990s Conditions DT95NEW8

Recent Conditions BD95NEW4

Eady 1980s Conditions E80_09

OUTPUT FILES

In the PEIS analysis, output files have eight character filenames and three character file
extensions. For a hypothetical filename, "12345678.ABC," the filenaming convention is as
follows.

Positions 1 through 8:
Same as MCF positions.

Positions A through C:
Type of output file (e.g., "DEF" = deficiency output file and "ACE" = space output file).

As an example:

The filename "ALT1C_I 1.BIN" will convey the following information:

¯ File associated with Alternative 1 Simulation; and
¯ File is a binary output file.

PROSIM M/M IV-35 September 1997

C--083559
C-083559



S̄IMULATIoN~O~ PEIS ALTERNATIVES ’ :

C--083560
C-083560



Chapter V

SIMULATION OF PEIS ALTERNATIVES

INTRODUCTION

This section provides a surrmaary description of how PEISIM was used to simulate each of the
PEIS alternatives. The simulation of each alternative required specific changes to the model MCF
switches and data input files to represent the operational priorities in the alternative, relative to the
base No-Action Alternative simulation. A description of the assumptions and operating criteria
for the No-Action Alternative is presented first, followed by a discussion of the changes made for
the following simulations:

¯ Alternative 1 (including (b)(2) Water Management, Firm Level 2 Refuge Deliveries, and the
revised preliminary Trinity River flow pattern)

¯ Alternative 2
¯ Alternative 3
¯ Alternative 4
¯ Supplemental Analysis la
¯ Supplemental Analysis ld
¯ Supplemental Analysis, Cumulative Impacts
¯ No Bay-Delta Plan Accord
¯ Early 1990s Conditions
¯ Recent Conditions
¯ Early 1980s Conditions

Projected PEIS CVP contracts, refuge contracts, and SWP entitlements simulated in PEISIM for
the above simulations may be found in Tables IV- 11 through IV- 13, respectively.

The final PEISIM simulation.for each of the alternatives was the result of iterations with other
models and a series of checks at each stage in the process to ensure reasonableness. For further
information, see the SANJASM and CVGSM Methodology/Modeling Technical Appendices.

NO-ACTION ALTERNATIVE SIMULATION

The No-Action Alternative is the base condition for the PEIS alternatives analyses. The No-
Action Alternative represents conditions in the future assuming a projected 2022 level of
development without implementation of CVPIA. The No-Action Alternative assumes the
operation of existing facilities and future facilities that are certain to be constructed by 2022. The
No-Action Alternative assumes that these water resource facilities will be operated in accordance
with operating rules and criteria that were in effect or being developed as of October 1992 when
the CVPIA was adopted. The major operations criteria affecting the CVP facilities modeled in
PEISIM include the following items.
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Draft PE[S Simulation of PEIS Alternatives

¯ the Bay-Delta Plan Accord as defined in the Draft Water Quality Control Plan (SWRCB,
1995);

¯ Coordinated Operations Agreement (COA) with revisions to 1986 sharing formula to model
export restrictions per the Draft Water Quality Control Plan (SWRCB, 1995) (The COA and
Public Law 99-546 assume revision of items such as the sharing formula, given a more recent
Water Quality Control Plan.);

¯ the 1993 Winter Run Biological Opinion as amended in 1995 by National Marine Fisheries
Service (NMFS); and

¯ American River minimum streamflow requirements based on recent operational practices
which attempt to meet some of the requirements of SWRCB Decision 1400 with minimum
flow requirements per SWRCB Decision 893.

Other CVP system operations are consistent with the criteria defined in the Long-Term Central
Valley Project Operations Criteria and Plan CVP-OCAP (October 1992).

PHYSICAL FACILITIES

Reservoirs

PROSIM simulates the operation of Clair Engle Lake, Whiskeytown Lake, Shasta Lake, Lake
Oroville, Folsom Lake, San Luis Reservoir, and the southern SWP reservoirs. San Luis was
treated as two distinct reservoirs - CVP San Luis and SWP San Luis. The southern SWP
reservoir system including Pyramid, Castaic, Silverwood, Perris lakes is represented by two
aggregated storage facilities, East Branch Reservoir and West Branch Reservoir. The reservoir
characteristics are shown in Table V- 1.

Delta Export Pumping Plants Physical andlor Regulatory Limits

The physical and regulatory limits at the Tracy and Banks Pumping Plants are presented in Table
V-2. The limits at the Tracy Pumping Plant fi:equently go urtrealized because constraints along
the DMC and at the relift pumps to O’Neill Forebay restrict export capacity to 4,200 cfs at that
point. Between December 15 and March 15, pumping at the Banks Pumping Plant may be
augmented above the 6680, depending upon flow in San Joaquin River at Vemalis per the Army
Corps of Engineers (Corps) October 13, 1981 Public Notice criteria. In December and March,
the augmented flows are 7,590 cfs, and in January and February the augmented flows are 8,500
cfs. A maximum of 8,500 cfs is assumed based on hydraulic constraints surrounding the pumps.
Improvements south of the Delta which would allow the full 11 pumps’ capacity of 10,300 cfs to
be realized are assumed not to be in place. Additionally SWP pumping is limited to 2,000 cfs in
any May or June in which storage withdrawals fi:om Oroville Reservoir were required (per the
January 5, 1987, Interim Agreement between DWR and California Department ofFish and Game
[DFG]). Pumping export limits defined in the Bay-Delta Plan Accord are discussed separately in
a subsequent section.
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Draft PEIS Simulation of PEIS Alternatives

TABLE V-I

RESERVOIR CHARACTERISTICS

Maximum Minimum Minimum Maximum
Possible Desirable Permissible Power
Storage Storage (1) Storage (1) Release

Reservoir Name (in acre-feet) (in acre-feet) (in acre-feet) (in cfs)

Clair Engle Lake 2,447,000 600,000 400,000 3,300

Whiskeytown Lake 240,000 200,000 185,000 (2) Not Used

Shasta Lake 4,552,000 1,900,000 1,200,000 (3) 11,600 (7)

Lake Oroville 3,538,000 1,300,000 900 (4) Not Used

Folsom Lake 974,000 3.00e+11 90 (5) 5,000

CVP San Luis Reservoir 972,000 40,000 0 (6) Not Used

SWP San Luis Reservoir 1,067,000 42,000 0 (6) Not Used

East Branch Lakes 200,000 150,000 130 Not Used

West Branch Lakes 489,000 260,000 150 Not Used

NOTES:
(1) "Minimum desirable" values were selected for temperature benefits. In some critical water

years (1928 through 1934; 1976 through 1977), simulated storage values are less than
minimum desirable levels. "Minimum permissible" values are not violated.

(2) Whiskeytown has rarely dropped below 200,000 acre-feet. Below approximately the 185,000
acre-foot storage level, deliveries out of Whiskeytown reservoir can no longer be made without
additional facilities (e.g., portable pumps).

(3) Below approximately this storage level, reservoir release temperatures are assumed to be less
beneficial for Winter Run Salmon.

(4) This is approximately the minimum pool for power.
(5) Below approximately this storage level, deliveries out of Folsom reservoir can no longer be

made without more than historical portable pumping measures.
(6) Neither CVP borrowing from SWP nor SWP borrowing from CVP is permitted in this scenario.

The minimum combined storage in San Luis is assumed to be 90,000 acre-feet.
(7) This, like all values in the column, is used to limit releases when .evacuating storage down to

"SRULE." Refer to the RES input file. Keswick maximum power release of 16,000 cfs less
4,400 cfs possibly coming from Spring Creek Tunnel.

TABLE V-2

MONTHLY PHYSICAL ANDIOR REGULATORY PUMPING LIMITS

Physical Limits of
Pumping Plants

(in cfs) Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

Tracy 4,600 4,600 4,600 4,600 4,600 4,600 4,600 4,600 4,600 4,600 4,600 4,600

Banks 6,680 6,680 6,680 6,680 5,680 6,680 6,680 6,680 6,680 6,680 6,680 6,680
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Draft PEIS Simulation of PEIS Alternatives

In general, design capacities are used. A few exceptions are discussed here. Clear Creek Tunnel
has a design capacity of 3,600 cfs. Due to periodic scaling of the tunnel lining, less than the
design capacity is possible. Tailrace elevation, i.e., Whiskeytown storage can also affect real-
time hydraulic capacity. In this scenario an average monthly value of 3,300 cfs is deemed
reasonable. Similarly, the DMC capacity fluctuates depending on some real-time factors.
Average monthly values assumed in this scenario are shown in Table V-3.

TABLE V-3

FACILITY CAPACITIES

Capacity
Facility (in cfs)

Clear Creek Tunnel 3,300
Spring Creek Tunnel 4,200
California Aqueduct upstream of O’Neill Forebay 10,000
California Aqueduct downstream of O’Neill Forebay 13,100
California Aqueduct downstream of end of joint use 8,100
California Aqueduct upstream of’Cross Valley Canal " 5,950
California Aqueduct downstream of Cross Valley Canal 5,350
California Aqueduct downstream of Wheeler Ridge Pumping Plant 4,600
California Aqueduct beginning of East Branch 3,149
California Aqueduct beginning of West Branch 3,129
San Luis Pumping Plant 11,000
Delta Mendota Canal downstream of Tracy Pumping Plant 4,600

Delta Mendota Canal upstream o~ O’Neill Forebay 4,200
Delta Mendota Canal downstream of O’Neill Forebay 3,500
Delta Mendota Canal upstream of Delta Mendota Pool 3,200

MINIMUM FLOW REQUIREMENT CRITERIA

Rivers with minimum instream flow requirements are presented in Table V-4.

PRE-OPERATI=D SAN JOAQUlN RIVER AND EASTSlDE STREAMS

Flows in the San Joaquin River and Eastside Streams resulting from the SANJASM simulation
of the No-Action Alternative are used as the pre-operated model flows in the CMC and S JR
input files. Inflows to Mendota Pool resulting from the SANJASM simulation of the No-Action
Alternative are used as the pre-operated flows in the GAN input file. See the SANJASM
Methodology/Modeling Technical Appendix for a discussion of alternatives operations
assumptions.
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Draft PEIS Simulation of PEIS Alternatives

TABLE V-4

MINIMUM AND MAXIMUM INSTREAM FLOW REQUIREMENTS

Minimu Maximum
Minimum Instream Flow Requirement Location m Flow Flow (1)

(in cfs) (in cfs)
Trinity River Below Lewiston Dam (Function of Year Type, Shasta index) (2) 300 1,600
Trinity Water Through Clear Creek Tunnel (Function of Clair Engle Storage) (3) 0 3,300
Clear Creek Below Whiskeytown Dam (Function of Year Type, Shasta Index) (4) 50 100
Sacramento River Below Keswick Dam (Function of Shasta Storage) (5) 3,250 6,000
Sacramento River Below Red Bluff Diversion Dam (Function of Year Type, Shasta Index) (6) 3,250 3,900
Sacramento River at Navigation Control Point (Function of Year Type, 40-30-30 Index) (7) 4,000 5,000
Feather River Below Oroville Dam (Function of Year Type, Oroville Index) (8) 1,000 1,700
Feather River at Mouth (Function of Year Type, Oroville Index) (8) 1,000 1,700
American River Below Nimbus Dam (Function of Folsom Storage and Inflow) (9) 250 3,000
American River at Mouth (Function of Year Type, 40-30-30 Index) (10) 188 500
Delta Outflow to Ocean/Function of Month, Year Type, 40-30-30 Index/ !11/ 3,000 8,000
NOTES:

(1) These maximum required minimums may be increased depending on the need for ramping down from previous month large
releases.

(2) A fixed monthly pattern summing to 340,000 acre-feet per year for all year types is used. No ramping is considered. The
340,000 acre-feat amount is based on an August 22, 1995, pattern pro~Aded by the Service.

(3) The minimum flow requirement varies from month to mo~th depending on the month of the year and the storage conditions at
Clair Engle. No ramping is considered. Input data attempts to bias the timing of these flows towards late Spdng for
temperature reasons.

(4) Fixed monthly patterns summing to 42,000 acre-feet per year in non-critical years and summing to 39,000 acre-feat per year
in critical years are used. This is per Reclamation operating policy, based largely on a Memorandum dated May 3, 1967, from
the National Park Service to the Bureau of Reclamation, which in tum is based on the Agreement dated March 31, 1980,
between DFG and Reclamation.

(5) The minimum flow requirement varies from month to month depending on the month of the year and the storage conditions at
Shasta Lake. No more than 20 percent reduction from the previous month’s flow is permitted between November and March.
This ramping provision is disregarded if the previous month’s flow was greater than 6,000 cf’s. Input data attempts to reflect
NMFS’ Winter Run Biol~jical Opinion’s Reasonable and Prudent Altemativas.

(6) 3,250 cfs is required in all months of all year types except September in non-critically dry years which requires 3,900 cfs.
These minimums meet or exceed the requirements set forth in the 1960 Reclamation-DFG Agreement, as well as the
requirements set forth in the October 8, 1981, letter to the DFG from the Reclamation.

(7) 5,000 cfs is required in all months of wet year types, and 4,000 cfs is required in all months of above norm.al, below normal,
dry, and critically dry year types.

(8) 1,700 cfs is required October through March of non-critical years. 1,200 cfs is required October through February (1,000 cfs
in March) of critical years. 1,000 cfs is required Apdl through September in all year types. Critical years are defined as years
when the previous Apr-Jul unimpaired inflow to Oroville is below the historical average of 1,964,000 acre-feet. These required
flows may be reduced by 25 percent if Oroville storage drops below 1,500,000 acre-feet. Per the August 26, 1983 agreement
between DWR and DFG the above minimum flow requirements may be modified further if releases exceed 2,500 ofs between
Octeber 15 and November 30. PROSIM’s implementation of this criteda includes the exemption of flood control releases
from the foregoing criteda to the extent a monthly model sees such phenomena.

(9) The monthly minimum flow requirements October through February depend on the beginning-of-month Folsom storage. The
requirements in March through September depend on the beginning-of-month Folsom storage plus forecasted inflow for the
remainder of the water year. No more than 20 percent reduction from the previous month’s flow is permitted between
November and March. This ramping provision is disregarded if the previous month’s flow is greater than 3,000 cfs. These
functional relationships evince instream flow regimes that match recent actual operations reasonably well.

(10) SWRCB’s D893 provisions are used, explicitly, however, flows exceed these provisions in almost eve~ month, which is an
accurate portrayal of recent actual operations.

(11) These flow requirements do not include flow requirements associated with X2 requirements. The maximum required monthly
outflows to meet the 2.64 EC standard are capped at the following limits: 29,200 ofs for the Roe Island criteria; 11,400 cfs for
Chipps Island criteria; and 7,100 ofs for the confluenee. See Delta section for further information.
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Draft PEIS Simulation of PEIS Alternatives

COORDINATED OPERATIONS AGREEMENT (COA)

For the PEIS analysis, it is acknowledged that the COA may change in the future, but without
knowledge of these potential changes, the COA is assumed to be in place per current operations.
Currently, the COA is assumed to be in place with revisions to 1986 sharing formula to model
export restrictions per the Draft Water Quality Control Plan (SWRCB, 1995). The 1986 sharing
formula was designed for D-1485 conditions and includes D-1485 assumptions for the
inflow/export ratio and the spring pulse period. The COA and Public Law 99-546 assume
revision of items such as the sharing formula, given a more recent Water Quality Control Plan.

Each month, once the reservoirs are operated for reasons upstream of the Delta, and the minimum
desirable exports are determined, PROSIM simulates the Delta operations. If supply into the
Delta exceeds the outflow requirements and export capacities, the Delta was "out-of-balance" and
no sharing formula is applied. In this case, the Projects (CVP and SWP) each export their
respective maximum amounts, as export area constraints allow. Under converse conditions, Le.,
"in-balance" conditions, two conditions occur. The first condition is when there is no "unstored
water for export." Under this condition, the water supply responsibility is shared CVP 75 percent
and SWP 25 percent. The second condition is when there is "unstored water for export." The
water supply entitlement is shared CVP 55 percent and SWP 45 percent. How much additional
water each Project releases from upstream reservoirs is a function of how much they are already
releasing relative to their respective inflows and how much they are exporting within the
framework of the governing sharing percentages.

WHEELING

Two separate wheeling agreements are assumed in the No-Action Alternative. Wheeling is
defined as CVP water transported bythe SWP for the CVP. A description of these actions is
given below.

Cross Valley Wheeling

The No-Action Alternative includes 128,000 acre-feet of Cross Valley wheeling. This CVP water
is exported and may be banked in the SWP portion of San Luis Reservoir as necessary to satisfy
CVP contractors (Cross Valley water) from the California Aqueduct. Very little use of SWP San
Luis storage occurs, i.e., monthly Banks exports for Cross Valley wheeling almost always match
monthly Cross Valley deliveries.

Other Wheeling

The No-Action Alternative includes additional wheeling for Kern National Wildlife Refuge.
Borrowing was assumed permissible in SWP portion of San Luis Reservoir.

PEISlM REPRESENTATION OF THE BAY-DELTA PLAN ACCORD

The Bay-Delta Plan Accord was modeled, to the extent possible, as defined in the Draft Water
Quality Control Plan (SWRCB, 1995). A brief summary of the standards included in the PEISIM
simulations is described below.
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Draft PEIS Simulation of PEIS Alternatives

Evaluation of Agricultural and M&I Water Quality EC Standards

Many of the standards in Draft Water Quality Control Plan (SWRCB, 1995) are daily electrical
conductivity (EC) standards. PROSIM uses the minimum Delta outflow (MDO) logic developed
by DWR to transform these daily EC standards into average monthly flow requirements. The
Draft Water Quality Control Plan (SWRCB, 1995) EC standards evaluated by PEISIM are
presented below.

The M&I water quality standards for the Contra Costa Canal at Pumping Plant #1 are defined by
year type. These standards are shown in Table V-5.

TABLE V-5

M&I WATER QUALITY STANDARDS AT THE CONTRA COSTA CANAL
(PUMPING PLANT #1)

Year Type (Four River Index) Number of Days at 130 mgll Chlorides

Wet 240 days/year (January 1 through August 28 assumed)

Above Normal 190 days/year (January 1 through July 9 assumed)

Below Normal 175 days/year (February 1 through July 25 assumed)

Dry 165 days/year (February 1 through July 15 assumed)

Critically Dry 155 days/year (February I through July 5 assumed)

The remaining days of all years types are requi~ed to maintain a standard of 225 mgi1 Chlorides.
The actual daily standards in the Draft Water Quality Control Plan (SWRCB, 1995) are specified
as 150 mg/1 and 250 mg/1. Following DWR’s conservative approach to the monthly modeling of
these standards, a "buffer" is added to insure that the standard is maintained on a daily basis.
Thus, PEISIM uses a value of 130 mg/1 for the 150 rng/l standard, and a value of 225 rag/1 for the
250 mg/1 standard in the MDO input file. This logic also applies to the year round 250 mg/1
standard at Clifton Court Forebay.

The EC standards at Emmaton (March 18 through August 15) are maintained as shown in Table
V-6.

Note that the inputted standard starts on March 18, rather than April 1 as is specified in the Draft
Water Quality Control Plan (SWRCB, 1995). This "ramping up" to the requirement is done to be
consistent with how DWR has modeled the standard in the past.

The EC standards at Jersey Point (April 1 through August 15) are maintained as shown in Table.
V-7.

The EC standards for the Interior Delta (Mokelumne River at Terminous and San Joaquin River
at San Andreas Landing) are not modeled.
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TABLE V-6

EC STANDARDS AT EMMATON

Year Type Period of Year EC Value

Wet March 18 through August 15 0.45
Above Normal March 18 through July 1 0.45
Above Normal July 2 through August 15 0.63

Below Normal March 18 through June 20 0.45

Below Normal June 21 through August 15 1,14
Dry March 18 through June 15 0.45

Dry June 16 through August 15 1.67
Critically Dry March 18 through August 15 2.78

TABLE V-7

EC STANDARDS AT JERSEY POINT

Year Type Period of Year EC Value
Wet April 1 through August 15 0.45

Above Normal April 1 through August 15 0.45
Below Normal April 1 through June 20 0.45
Below Normal June 21 through August 15 0.74

Dry April 1 through June 15 0.45
Dry June 16 through August 15 1.35

Critically Dry April 1 through August 15 2.20

The Western Suisun Marsh EC requirements for Chipps Island are modeled as specified in the
Draft Water Quality Control Plan (SWRCB, 1995) including the deficiency period relaxations.
PROSIM’s subroutine ADJMRDO does the relaxation when the criteria is met.

Minimum Required Delta Outflow

Minimum required Delta outflows are maintained as shown in Table V-8. The Sacramento Valley
40-30-30 year-type index is used.

For February through June, outflow requirements are maintained using the 2.64 EC criteria
(previously known as X2 salinity), using the required number of days at Chipps Island (74 km)
and Port Chicago (64 km, also known as Roe Island) per "Footnote 14 for Table 3" on page 26
of the Draft Water Quality Control Plan (SWRCB, 1995).
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TABLE V-8

MINIMUM REQUIRED DELTA OUTFLOW

Year Type Oct Nov Dec Jan’ Feb-Jun Jul Aug Sep

Wet 4,000 4,500 4,500 (1) (2) 8,000 4,000 3,000
Above Normal 4,000 4,500 4,500 (1) (2) 8,000 4,000 3,000
Below Normal 4,000 4,500 4,500 (1) (2) 6,500 4,000 3,000

Dry 4,000 4,500 4,500 (1) (2) 5,000 3,500 3,000
Critically Dry 3,000 3,500 3,500 (1) (2) 4,000 3,000 3,000

NOTES:
(1) January: For all year types either 4,500 cfs minimum or 6,000 cfs if the December monthly 8-River

Index is greater than 800,000 acre-feet.
(2) February - June: 2.64 EC standards (X2) are maintained, as described below.

At the Confluence (81 km), the full 150 days (February 1 through June 30) of 2.64 EC is
maintained in all years, up to a maximum required flow of 7,100 cfs. This confluence EC
requirement is dropped in May and June of any year for which the projected Sacramento River
Index will be less than 8,100,000 acre-feet. In those years where the May/June EC criteria is
dropped, a minimum outflow of 4,000 cfs is still maintained in May and June.

The trigger to activate the Roe Island standard is set at 66.3 km based on the previous month’s
average monthly X2 position.

Maximum required monthly outflows to meet the 2.64 EC standard are capped at the following
limits.

¯ 29,200 cfs for Roe Island criteria
¯ 11,400 cfs for Chipps Island criteria
¯ 7,100 cfs for the confluence

Relaxation criteria in February for the Chipps Island Standard are as follows.

¯ If the 8-River Index for the preceding month of January is less than 800,000 acre-feet, then
February EC days at Chipps Island are zero.

¯ If the 8-River Index for the preceding month of January is greater than 1,000,000 acre-feet,
then meet full 28 days at Chipps Island.

¯ If the 8-River Index for the preceding month of January is between 800,000 and 1,000,000
acre-feet, interpolate days required at Chipps Island from 0 to 28 days in proportion to the
January 8-River Index flow.

The minimum required values are assumed to be outflow requirements that may be satisfied by all
sources tributary to the Delta - Yolo Bypass flows, Eastside Streams flows, computed retum
flows, as well flows from the Sacramento and San Joaquin Rivers flows. Only the Sacramento
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River flows are augmented to meet the minimum Delta outflow requirements. The rest of the
inflows are fixed at this point in the monthly simulation when satisfaction of required Delta
outflows is being ensured. This is consistent with past planning studies by Reclamation and DWR
and clarifying language from the SWRCB in their draft D-1630 documentation.

Sacramento River flow standards at. Rio Vista are maintained per the Draft Water Quality Control
Plan (SWRCB, 1995). These flows standards are presented in Table V-9.

TABLE V-9

SACRAMENTO RIVER FLOW STANDARDS AT RIO VISTA
(in cfs)

Year Type Oct Nov Dec Jan - Aug Sep

Wet 4,000 4,500 4,500 0 3,000

Above Normal 4,000 4,500 4,500 0 3,000

Below Normal 4,000 4,500 4,500 0 3,000

Dry 4,000 4,500 4,500 0 3,000

Critically Dry 3,000 3,500 3,500 0 3,000

Export Pumping Limits

Ratios for maximum allowable Delta exports are specified as a percentage of total Delta inflow as
presented in Table V- 10.

TABLE V-10

MAXIMUM ALLOWABLE DELTA EXPORT RATIOS

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

Export Limit
(Percent of Inflow) 65    65    65    65 45/35 35    35    35    35    65    65    65

For February, the export ratio is determined as a function of the January 8-River Index, as
follows.

¯ If the January 8-River Index is greater than 1,500,000 acre-feet, ratio = 35 percent.

¯ If the January 8-River Index is less than 1,000,000 acre-feet, ratio = 45 percent.

¯ If the January-8 River Index is between 1,000,000 and 1,500,000 acre-feet, ratio = 40 percent.
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For this ratio criteria, Total Delta Exports are defined as the sum of pumping at the SWP Banks
and CVP Tracy Pumping Plants (Contra Costa Canal and North Bay Aqueduct diversions are not
included in this calculation).

In PROSIM, Total Delta Inflow is calculated as the sum of river flows from the Sacramento
River, Yolo Bypass, total from the Eastside stream group, San Joaquin River inflow, and
miscellaneous inflows (Bear Creek, Dry Creek, Stockton Diverting Canal, French Camp Slough,
Marsh Creek, and Morrison Creek). Delta area precipitation and consumptive uses are not used
in this ratio.

April 15 through May 15 Delta Export (Banks plus Tracy) limitations are modeled as follows.

¯ Maximum combined export limit: 1,500 cfs, or 100 percent of the San Joaquin River flow at
Vemalis, whichever is greater. The model uses mean monthly values for this period.

¯ Export limits for April 1 through 14 and May 16 through 31 are controlled by either the
export/inflow ratio (35 percent) or pumping capacity, whichever is smaller. The model uses
mean monthly values for this period.

¯ The export/inflow ratio is never allowed to exceed 35 percent for the whole period from April
1 through May 31.

Cross Channel Gates Operation

The operation of the Delta cross channel gates is simulated per the Draft Water Quality Control
Plan (SWRCB, 1995) as shown in Table V-11. The gate position is used in computing carriage
water tables. It is also used in checking compliance with the Rio Vista flow standard.

TABLE V-11

CROSS CHANNEL GATES OPERATIONS

(Flood Control)
Sacramento River at Sacramento

Month Normal Operation >25,000 cfs
October Both Open Both Closed

November Both Open (15 days) Both Closed
December Both Open (16 days) Both Closed
January Both Open (16 days) Both Closed
February, Both Closed (NMFS) Both Closed

March Both Closed (NMFS) Both Closed
April Both Closed (NMFS) Both Closed
May Both Open (3 days) Both Closed
June Both Open (22 days) Both Closed
July Both Open Both Closed

August Both Open Both Closed
September Both Open Both Closed
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The initial gate settings are shown in the second column. These settings are used at the beginning
of each month. The third column’s 25,000 cfs threshold is an attempt to recognize the real time
flood control operation of the gates. The gates settings will be changed to those in the third
column if this threshold is exceeded.

ALTERNATIVE 1

Alternative 1 includes the No-Action Alternative operational assumptions, plus the use of(b)(2)
water toward meeting target flows on CVP controlled streams and the Draft Water Quality
Control Plan (SWRCB, 1995), firm Level 2 refuge water supplies, and preliminary increased
Trinity River minimum instream flow requirements. The target flows are based on information
provided by the Service in October of 1996, and presented in Attachment G of the PEIS. The
water management provisions in Alternative 1 were developed to utili~.e two of the tools provided
by CVPIA, re-operation and (b)(2) Water Management, toward meeting these instream target
flows. For the purposes of Alternative 1, it was assumed that no water would be acquired from
willing sellers.

In PEISIM, the CVP is operated under Alternative 1 to attempt to increase end-of-month storage
in September in Shasta and Folsom lakes in order to provide increased river releases in the fall
into the Sacramento and American rivers as compared to the No-Action Alternative, per the
target flows. Increased reservoir releases are also made fi:om Whiskeytown Lake to increase
Clear Creek minimum flows year round. Increased Clair Engle Lake releases to meet increased
Trinity River flow requirements in this alternative, result in a decrease in spring and early summer
imported flows to the Sacramento River below Keswick Dam.

ALTERNATIVE 1.1 -- SIMULATION WITH (b)(2) WATER MANAGEMENT

The purpose of the (b)(2) Water Management is to provide additional reservoir releases and river
flows toward meeting the monthly target flows and the Draft Water Quality Control Plan
(SWRCB, 1995). It was not always possible to meet some of the monthly flow targets. After
consultation with the Service and Reclamation, some those flow targets were revised. The input
files for the No-Action Alternative were modified to allow the simulation of the Upstream (b)(2)
Water Management. Changes were made to the FWQ, RES, DFC, CMC, and S JR input files.

Minimum Instream Flow Requirements

The No-Action Alternative FWQ input file was modified to include the target flows on the
Sacramento River below Keswick Dam, American River below Nimbus Dam, and Clear Creek
below Whiskeytown Lake.

In PROSIM, minimum instream flow requirements may be defined by year type, system
conditions, deficiency levels, a pre-determined time series, or a combination of reservoir storages
(diversions from Trinity River Basin and Sacramento River below Keswick Dam only). Flows in
the Sacramento River below Keswick Dam and the American River below Nimbus Dam are
specified using the system conditions or "trigger" format. This trigger format allows the
minimum instream flow requirements for a given node to be triggered by some fiow threshold,
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reservoir storage threshold, or combination of conditions in the system. Several levels of flow
thresholds are used to define the flow requirement relationships.

The target flows on the Sacramento River below Keswick Dam are prescribed for the period
October 1 through April 1, based on October 1 carryover storage in Shasta Lake. In the FWQ
input file, the trigger format is used. Beginning of water year storage in Shasta Lake is used as
the trigger mechanism. There is no interpolation between flow requirement levels in the storage-
based flow relationship.

The target flows specify minimum instream flow requirements for the entire reach of the American
River from Nimbus Dam to the mouth, for each month based on water year-type. Through
consultation with the Reclamation and the Service, the year-type flow requirements were
transformed into reservoir storage-based flow requirements to allow additional operational
flexibility during dry and critical years. The reach of the river over which the requirement applied
was changed to below Nimbus Dam to "H" Street. The Service’s flow priority was to establish
stable fall and winter flows October through February and increase Folsom Lake end-of-month
September storage. In the FWQ input file, the trigger format is used. October through February,
beginning of water year reservoir storage in Folsom Lake is used as the trigger mechanism. Flow
requirements for the remaining months, March through September, are tied to the previous
month’s storage and remaining water year projected inflow. There is no interpolation between
flow requirement levels in the storage-based flow relationship.

The target flows for Clear Creek are prescribed for every month of the year, based on water year-
type. The Shasta Index year-type is used. In critically dry years, inflow to Whiskeytown Lake is
insufficient to support target flows so the flow requirements are reduced to maintain minimum
storage in Clair Engle and Whiskeytown lakes.

The reservoir storage-based minimum flow requirements in the FWQ file that control the Trinity
River exports to Whiskeytown Lake are modified to compensate for seasonal shifts in Shasta
Lake releases due to the (b)(2) Water Management. Spring and summer storage triggers are
reduced and exports to Whiskeytown Lake are increased.

Reservoir Storage Levels

In the RES input file, the minimum storage reserve levels (YSTREV) are increased for Clair
Engle Reservoir to maintain reservoir storage and reduce Upper Sacramento River SPACE calls.
This increase occurs in the winter of dry and critically dry year types. The storable inflow
parameter (STRF_IN) for the critically dry year type is increased to allow additional Clair Engle
releases and reduce Shasta Lake storage drawdown.

The target flows specify an increased end-of-month September storage goal for Folsom Lake.
The purpose of the storage is to provide additional water to help support increased fall target
flows on the American River. In the RES input file, the Folsom Reservoir YSTREV parameters
are increased for all year types.

PROSIM M/M V-13 September 1997

C--083573
C-083573



Draft PEIS Simulation of PEIS Alternatives

Ore-Operated San Joaquin River and Eastside Streams Flows

Flow changes in the San Joaquin River and Eastside Streams resulting fi:om the SANJASM
simulation of Alternative 1.1 are included in the CMC and S JR input files. See the SANJASM
Methodology/Modeling Technical Appendix for a discussion of assumptions.

Reduction in Southern Deficiency Levels

In some dry and critically dry years, storages in the CVP portion of San Luis Reservoir are higher
than in the No-Action Alternative. Attempts to deliver this water may be constrained by the
deficiency level set for CVP contractors north of the Delta. Setting MCF switch (KSWXDEF) to
2 allows the deficiency levels applied to CVP demands south of the Delta to be less than those
applied to CVP demands north of the Delta. The setting of MCF switch (KDFSOLES) is changed
~om 0 to 1 in March, allowing the evaluation of a potential reduction in southern deficiency levels
to occur at the beginning of the contract year.

ALTERNATIVE 1.2 -- SIMULATION WITH (b)(2) WATER MANAGEMENT AND FIRM
LEVEL 2 REFUGE DELIVERIES

In addition to the model revisions made for Alternative 1.1, Alternative 1.2 includes changes to
incorporate firm Level 2 refuge deliveries, based on a Shasta Index deficiency criteria. The PAG
and DFC files are modified to reflect this increase in northern and southern refuge demand.

Ore-Operated San Joaquin River and Eastside Streams Flows

Flow changes in the San Joaquin River and Eastside Streams resulting f~om the SANJASM
simulation of Alternative 1.2 are included in the CMC and SJR input files. See the SANJASM
Methodology/Modeling Technical Appendix for a discussion of assumptions.

ALTERNATIVE 1.3 -- SIMULATION WITH (b)(2) WATER MANAGEMENT, FIRM
LEVEL 2 REFUGES, AND REVISED PRELIMINARY TRINITY RIVER FLOW
PATTERN

In addition to the modeling assumptions for the Alternatives 1.1 and 1.2, Alternative 1.3 includes
the following revisions needed to allow simulation of changes in the Trinity River flow pattern.

Minimum Instream Flow Requirements

This alternative uses the Trinity River minimum flow pattern developed by the Service for the
PE[S alternatives, based on preliminary data collected during the 12-year flow study. The year
type index for this flow pattern is based on an exceedence of annual inflow to Clair Engle Lake.
Since this year type index calculation is not currently an option in PROSIM, the year types and
corresponding minimum instream flow requirements are pre-calculated (in a spreadsheet) and then
input into PEISIM as a monthly time series using the FTS input file. Use of the FTS input file
requires a change to the "byts!’ format in the FWQ input file.
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The Alternative 1.2 reservoir storage-based minimum flow requirements that determine the
Trinity River exports to Whiskeytown Lake are modified to compensate for the increased Trinity
River minimum flow requirements. The June and July storage triggers, which affect some of the
drier years, are increased to reduce expo~s to Whiskeytown and maintain minimum Clair Engle
Lake storage. This modification is made to the FWQ input.file.

The Folsom Lake storage-based minimum instream flow requirements on the American River
below Nimbus Dam from Alternative 1.1 are modified to compensate for the reduction in Trinity
River exports to Whiskeytown Lake. The October through February storage triggers, which
affect the driest years, are increased to reduce releases and maintain minimum Folsom Lake
storage. This modification is made to the FWQ input file.

Reservoir Storage Levels

In the RES input file, the critically dry year type STRF_IN is decreased from Alternative 1.1 to
reduce space calls to Clair Engle Lake. This reduction in space calls is necessary because of the
increased Trinity River minimum flow requirements..

Pre-Operated San doaquin River and Eastside Streams Flows

Flow changes in the San Joaquin River and Eastside Streams resulting from the SANJASM
simulation of Alternative 1.3 are included in the CMC and SJR input files. See the SANJASM
Methodology/Modeling Technical Appendix for a discussion of alternatives assumptions.

ALTERNATIVE 2 SIMULATION

Alternative 2 is similar to Alternative 1, with the addition of water acquisition to meet Level 4
refuge water supply deliveries which represent the water needs for the long-term development of
the refuges as described in the Refuge Water Supply Study and the San Joaquin Basin Action
Plan.

Water acquisition also occurs on the Stanislaus, Tuolumne, and Merced rivers to meet salmon and
steelhead target flows. These acquisitions are simulated in the SANJASM simulation and are
incorporated into the PEISIM simulation. The acquired portion of the San Joaquin River flows
that enter the Delta cannot be exported for delivery to CVP and SWP contractors.

ACQUISITIONS FOR LEVEL 4 REFUGE DELIVERIES

Water is acquired in this alternative to meet the increase between Level 2 and Level 4 refuge
requirements. Water for refuges north of the Delta is acquired from North of Delta water rights
holders. Water for refuges south of the Delta is acquired from South of Delta exchange
contractors, with the exception of Kern and Pixley National Wildlife Refuge’s (NWR). Because
Kern and Pixley NWR’s are located on the CAQ at PROSIM node 37, increased refuge deliveries
would affect model wheeling computations. Therefore, the Level 4 water for these two refuges is
acquired from the SWP at node 36 and delivered at node 38. The DFC, DFS, PAG, and SWP
files are modified to reflect this increase in northern and southern refuge deliveries.
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The shortage criteria applied to the acquired refuge contract increments are the same as the
source from which they were acquired.

WATER ACQUISITION

In SANJASM, this alternative includes the acquisition o~ water on the Stanislaus, Tuolumne, and
Merced rivers to meet salmon and steelhead target flows, primarily in April through June. The
acquired portion of the San Joaquin River flows that enter the Delta cannot be exported at Tracy
or Banks Pumping Plants for delivery to CVP and SWP contractors. See the SANJASM
Methodology/Modeling Technical Appendix for a discussion of alternative assumptions for the
San Joaquin River and Eastside Streams.

PEISIM allows the acquired portion of total San Joaquin River flows to continue past the pumps
and contribute to Delta outflow. In the MCF, the switch to allow simulation of additional
instream flow requirements is switched on (position 4 oflORDER was set to 4 and KSWRON
was set to 1). The total San Joaquin River flow at Vernalis is a combination of the exportable
flow (or "base" flow) and the acquired water flow. Both flows are pre-operated using
SANJASM. The base and total river flows are included in time series formats in the PEISIM
RVB, RVL, and RVT input files. The base river flows are also included in time series format in
the S JR input file.

ALTERNATIVE 3 SIMULATION

Alternative 3 is similar to Alt(rnative 1, with the addition of water acquisition toward meeting
Level 4 refuge water supply deliveries and target flows on the Yuba River. Water acquisition also
occurs on the Merced, Tuolumne, Stanislaus, and Calaveras rivers in an attempt to target flows.
These acquisitions are simulated in the SANJASM simulation and are incorporated into the
PEISIM simulation. The acquired flows that enter the Delta can be exported by the CVP and
SWP.

WATER ACQUISITION

In SANJASM, the acquired portion of the flows on the Merced, Tuolumne, Stanislaus,
Mokelumne, and Calaveras rivers can be pumped by the CVP and SWP. The CMC and SJR input
files are modified to include Alternative 3 values. See the SANJASM Methodology/Modeling
Technical Appendix for a discussion of alternative assumptions for the San Joaquin River and
Eastside Streams.

This alternative also includes the acquisition of water on the Yuba River to meet target flows.
Because of the variable hydrology on the Yuba River, it is not always possible to meet all of the
priority levels identified in the target flows. It is assumed that water is acquired from non-project
users represented at node 12. This water can be pumped by CVP and SWP.

An annual maximum amount of acquired water is established on each river, based on economic
criteria. See the CVPM Methodology/Modeling Technical Appendix for a discussion of
economic criteria. The amount which may be acquired in any given year is based on the
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established maximum allowable acquisition and the percentage of full deliveries to be made in that
year (e.g., if75 percent of full deliveries are to be made, the annual acquisition is 75 percent of
the maximum allowable acquisition). Acquisitions are made during the agricultural season only
(April through September). The monthly acquisitions (or true diversions) are then converted to
net diversions (which account for irrigation efficiencies, basin efficiencies, and reductions due to
applied water) which are the values PEISIM uses. The actual amount of___Water Available to be
Re-Operated (WARO) is based on the true diversion and the surface water return flow
component.

In the No-Action Alternative, the Yuba River is pre-operated by DWR as part of the Depletion
Analysis studies using the HEC-3 model. The results of the HEC-3 simulations are incorporated
into the gain at PROSIM node 12. A comparison of the monthly base (or pre-acquisition) flows
from the HEC-3 simulation and flows specified in the Draft Guidelines is made to determine when
the WARO may be used and the maximum priority level which may be met. The WARO is used
within the contract year (March of current water year through February of subsequent water
year). The WARO is assumed to be stored in New Bullards Bar Reservoir in months when it is
acquired but not needed to augment river flows and released when river flows are not sufficient to
meet the target flows’ priority level. The gain at node 12 (GAN input file) is adjusted for the
change in river flows. The monthly non-project demand (NPD input file) is decreased by the
reduction in net diversions due to water acquisition.

ALTERNATIVE 4 SIMULATION

Alternative 4 is similar to Alternative 1, with the addition of water acquisition toward meeting
Level 4 refuge water supply deliveries and target flows on the Yuba River. Alternative 4 also
includes the use of (b)(2) water toward meeting Delta actions.

The Delta (b)(2) actions are based on information provided by the Service in October of 1996
and are presented in Attachment G of the PEIS. These actions are a refinement of the preliminary
potential actions originally proposed in February of 1996, and represent possible goals for long-
term actions. The water acquired for instream target flows is used for Delta outflow purposes as
well. As in Alternative 3, water acquisition also occurs on the Merced, Tuolumne, Stanislaus, and
Calaveras rivers in an attempt to meet target flows. These acquisitions are simulated in the
SANJASM simulation and are then incorporated into the PEISIM simulation. Unlike the
Alternative 3 simulation, the acquired flows that enter the Delta cannot be exported by the CVP
and SWP.

WATER ACQUISITION

In SANJASM, the acquired portion of the flows on the Merced, Tuolumne, Stanislaus,
Mokelumne, and Calaveras rivers cannot be pumped for delivery to CVP and SWP contractors,
and thus contributes to increased Delta outflow. See the SANJASM Methodology/Modeling
Technical Appendix for a discussion of alternative assumptions for the San Joaquin River and
Eastside Streams.
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PEISIM allows the acquired portion of total San Joaquin River and Eastside Streams flows to
continue past the pumps and contribute to Delta outflow. In the MCF, the switch to allow
simulation of additional instream flow requirements is switched on (position 4 of IORDER was
set to 4 and KSWRONwas set to 1). The total San Joaquin River flow at Vernalis and Eastside
Streams flow are combinations of the exportable flow (or "base" flow) and the acquired water
flow. Both flows are pre-operated using SANJASM. The base and total river flows are included
in time series formats in the PEISIM RVB, RVL, and RVT input files. The base river flows are
also included in time series formats in the CMC and S JR input files.

This alternative also includes the acquisition of water on the Yuba River toward meeting target
flows. Because of the variable hydrology on the Yuba River, it is not always possible to meet all
of the priority levels identified in the target flows. It is assumed that water is acquired from non-
project users represented at node 12. This water cannot be pumped for delivery to CVP and SWP
contractors, and thus contributes to increased Delta outflow.

Water acquisition and use of the WARO are determined in the same manner as in the Altemative
3 simulation. Because acquired water cannot be pumped, the total Yuba River flow is divided
into exportable flow (or "base" flow) and acquired water flow. The base and total river flows are
included in time series formats in the PEISIM RVB, RVL, and RVT input files. Because
PROSIM accounts for non-project diversion on the Yuba River, both flows are included pre-
diversion. The gain at node 12 (GAN input file) is also adjusted for the change in river flows. It
only includes base flows because the acquired water cannot be used for delivery to CVP and
SWP contractors. The NPD input file is decreased by the monthly reduction in net diversions
due to water acquisition.

DELTA OPERATIONS

A simplified version of (b)(2) Water Management was developed that integrated the nine
proposed Delta (b)(2) water actions into Alternative 4. These actions are listed below according
to priority, as developed by the Service. The highest priority action is assigned the number 1.

1. Limit CVP/SWP April and May exports to a percent of San Joaquin River at Vernalis flow
based on water year type.

2. Head of Old River barrier in place April through May.

3. Increase level of May and June X2 requirement to 1962 level of development.

4. Provide 13,000 cfs at the ’T’ Street Bridge and 9,000 cfs at Knights Landing on the
Sacramento River in May.

5. Ramp total CVP/SWP export/inflow ratio levels April 1 to April 15 and May 15 through May
31.

6. Close Delta Cross Channel Gates November 1 through January 31.
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7. Limit CVP/SWP exports to 35 percent of Delta inflow in July.

8. Establish conditions for a late fall run smolt survival experiment.

9. Limit CVP/SWP total exports to 35 percent of Delta inflow in November through January.

The same methodology described under Alternative 1 was used for the analysis of the combined
instream and Delta (b)(2) water actions integrated into CVP operations in Alternative 4. The
simplified analysis used for the PEIS focuses on the major Delta (b)(2) actions for the protection
of anadromous fish, assuming that the SWP would cooperate with implementation of the actions
by reducing exports during specified periods and making releases to contribute to additional
levels of Delta protection.

The potential impacts of all nine Delta (b)(2) actions could not be assessed in the model
simulations conducted for the PEIS. The simulations were programmatic in nature and did not
have the capability to assess the specific changes that might occur as a result of the
implementation of actions 2, 5, and 8. Although the models did not allow quantification of the
potential impacts, some general assessments were made where possible.

CVP and SWP Exports

Delta (b)(2) action number 1 requires that the combined CVP and SWP exports be limited to
maintain a San Joaquin River at Vemalis inflow/total export ratio during the 30 day, April 15
through May 15 pulse flow period based on year type. In the PEIS simulation, this action is part
of all of the alternatives (including the No-Action Altemative) and is included as a total
maximum allowable export of 1,500 cfs during the April 15 through May 15 period. This action
is included in the MCF.

EC Criteria

Delta (b)(2) action number 3 requires that the level of protection targeted by the May and Jtme
X2 requirements be increased to a 1962 level of development. This action increases the number
of days when X2 is required at Chipps Island in Table A of the Draft Water Quality Control Plan
(SWRCB, 1995). This action is included in the EPA input file.

Cross Channel Gates Operation

Deha (b)(2) action number 6 requires the Delta cross channel gates be closed beginning
November 1. Because of the negative impacts to Shasta Lake’s storage and cold water pool,
Sacramento River temperature, and fall upstream (b)(2) water management, Delta Action 6 could
not be completely implemented. The November through January Deka cross channel gates
operations are compared to those in the No-Action Alternative in Table V-12. Operations during
the months of February through October are per the Draft Water Quality Control Plan (SWRCB,
1995). Flood control operations do not change from the No-Action Alternative. The changes are
made in the MDO and XCG input files.
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TABLE V-12

ALTERNATIVE 4 CROSS CHANNEL GATES OPERATIONS

Draft Water Quality
Control Plan

(SWRCB, t 995) Alternative 4
Month 40-30-30 Year Type(s) Operations Operations

November Wet, Above Normal Both Open (15 days) Both Closed

November Below Normal, Dry, Critical Dry Both Open (15 days) Both Open (15 days)

December Wet, Above Normal Both Open (16 days) Both Closed
December Below Normal, Dry, Cdtical Dry Both Open (16 days) Both Open (16 days)
January Wet, Above Normal, Below Both Open (16 days) Both Closed

Normal, Dry

January Critical Dry Both Open (16 days) Both Open (16 days)

MINIMUM INSTREAM FLOW REQUIREMENTS

The Alternative 1.3 reservoir storage-based minimum flow requirements that determine the
Trinity River exports to Whiskeytown Lake are modified to compensate for the increase in spring
Delta outflow resuking from the Delta (b)(2) actions. A May storage trigger, which affects some
of the drier years, is decreased to increase exports to Whiskeytown in May. The June and July
storage triggers, which affect some of the drier years, are increased to reduce exports to
Whiskeytown and maintain minimum Clair Engle Lake storage. These modifications are made to
the FWQ input file.

The Folsom Lake storage-based minimum instream flow requirements on the American River
below Nimbus Dam from Alternative 1.3 are modified to compensate for increase in spring Delta
outflow resulting from the Deka (b)(2) actions. The October through February storage triggers,
which affect the driest years, are increased to reduce releases and maintain minimum Folsom Lake
storage. This modification is made to the FWQ input file.

The Navigation Control Point year type-based minimum instream flow requirements on the
Sacramento River are modified to compensate for the increase in spring Delta outflow resulting
from the Delta (b)(2) actions. In critical dry years, the minimum instream flow requirement is
reduced to maintain Shasta Lake storage for fall upstream (b)(2) water management.

SUPPLEMENTAL ANALYSIS la SIMULATION

In the PEISIM simulation, Alternative 1 a includes the No-Action Alternative operational
assumptions; the water management provisions, firm Level 2 refuge water supplies, and increased
Trinity River flow requirements of Alternative 1; and (b)(2) Water Management in the Delta.
Unlike Alternative 4, the Delta actions included in Alternative 1 a are based on preliminary
potential (b)(2) actions proposed by the Service in February of 1996.
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EC CRITERIA

In the No-Action Alternative and Alternative 1 simulations, the February through June Delta
outflow requirements are maintained using the 2.64 EC criteria (previously known as X2 salinity)
with the required number of days at Chipl~s Island (74 km) and Port Chicago (64 km, aka Roe
Island) per "Footnote 14 for Table 3" on page 26 of the Draft Water Quality Control Plan
(SWRCB, 1995). In this simulation, the required number of days in May and June at Chipps
Island and Port Chicago are based on preliminary Delta (b)(2) action number 4. As in Alternative
4, this action increases the May and June X2 requirements to a 1962 level of development. The
changes to May and June are made in both tables of the EPA input file.

INCREASE DELTA EXPORT/INFLOW RATIO

To increase Delta Export/Inflow ratio, additional Delta export limitations are used in this
simulation. In the MCF, total CVP and SWP exports are limited to 1,500 cfs for the period April
15 through May 15. The CVP export pumping capacity is also limited to 3,450 cfs in November
and December of all year types.

SUPPLEMENTAL ANALYSIS 1 d SIMULATION

In the PEISIM simulation, Alternative ld includes the No-Action Alternative operational
assumptions; the water management provisions, firm Level 2 refuge water supplies, and increased
Trinity River flow requirements of Alternative 1; and no deficiencies applied to firm Level 2
refuge water supplies north and south of the Delta.

DEFICIENCY CRITERIA

In the DFC input file, the nodal delivery ~actions are increased to reflect full deliveries of firm
Level 2 refuge contracts (with conveyance losses). In comparison to Alternative 1.3, the northern
CVP reservoir carryover parameters are decreased in deficiency levels 7, 8, 13, and 14. In
comparison to Alternative 1 C, the northern CVP reservoir carryover parameters are increased in
deficiency levels 17 and 18.

The northern CVP reservoir carryover parameters in the DFC input file are increased. These
increases require higher CVP reservoir storage for the same delivery ~action as in the No-Action
Alternative Simulation, thereby helping to maintain storage for use in Upstream (b)(2) Water
Management.                                _.

SUPPLEMENTAL ANALYSIS, CUMULATIVE IMPACTS SIMULATION

Cumulative Impacts is similar to Alternative 1, with an increase in CVP contract amounts, the
inclusion of PL 101-514 water and EBMUD, and Sacramento River minimum instream flow
requirements included in time series format.
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INCREASES TO CVP CONTRACTS

CVP Agricultural and M&I demands are increased to full contracts and PL 101-514 water on the
American River is included. The DFC, PAG, and PMI input files are modified to reflect the
increases in North and South of Delta demands.

REDUCTIONS IN M&I DEMANDS

To keep Folsom Lake above the minimum storage level of 90 thousand acre-feet, additional
reductions (25 percent) to American River M&I contractors are imposed in some of the critically
dry years (contract years 1924, 1929, 1931, 1976, and 1987). These reductions are in addition to
the maximum 25 percent deficiency imposed through deficiency criteria, and are pre-operated in
the PMI input file.

EAST BAY MUNICIPAL UTILITY DISTRICT (EBMUD)

In this simulation, Judge Hodge’s decision on deliveries to EBMUD is simulated. This section
describes the portion of PROSIM logic which is applied in the PEIS.

The following PROSIM logic switches and flags are set for the PEIS simulation:

1. KSWHODGE = 1. This MCF logic switch indicates that the PROSIM subroutine to
simulate Judge Hodge’s decision will be called.

2. K_RIT_HDG = 1. This I-K)G input file flag indicates how diversions are determined
temporally. By setting it equal to 1, each month’s deliveries are determined dynamically.

3. KAMT_HDG = 1. This I-ff)G input file flag indicates how much water should be diverted
when a diversion is permitted. By setting it equal to 1, only excess flow in the American
River may be used. In other words, no additional release is permissible.

4. KEYQ_HDG = 2. This HDG input file flag determines what river flow will be used in the
evaluation. By setting it equal to 2, all flows will be considered, including in-basin flows
and additional releases made for demand requirements.

In addition to the logic switches and flags, the following assumptions are made for the PEIS
simulation.

1. The annual EBMUD contract amount against which deficiencies are applied is equal to
150,000 acre-feet.

2. The capacity of EBMUD’s turnout on Folsom South Canal is equal to 207.19 cfs.
3. EBMUD’s 150 thousand acre-foot demand is distributed over twelve months, based on

the number of days in each month. EBMUD demands are not included in the project
demands specified for node 15.

4. Deficiencies applied to EBMUD correspond to those applied to other CVP M&I
contractors North of the Delta.

Given the switch settings, flag settings, and assumptions, the general PROSIM logic flows as
follows.
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1. PROSIM calculates a monthly EBMUD demand based on turnout capacity and monthly
demand from the HDG input file.

2. If additional CVP reservoir releases are made (above the releases for minimum flow
requirements and demands), no deliveries can be made to EBMUD. Even if the additional
storage withdrawal is not out of Folsom Reservoir, all of the American River releases are
needed.

3. PROSIM then calculates the excess flow below the EBMUD turnout. This excess flow
calculation is based on minimum instream flow requirements at node 16, Hodge flow
requirements, and flow at node 16. If there is no excess, no deliveries canbe made to
EBMUD.

4. If there is excess on the American River, PROSIM then checks to see if any or all of that
excess is needed at node 17 or in the Delta (e.g., for exports or outflow). If there is no
excess, no deliveries can be made to EBMUD.

5. If there is still excess in the CVP system, PROSIM calculates the water available to
EBMUD based on the minimum of EBMUD demand and calculated excess. Refer to this
as "EBMUS."

6. PROSIM then calculates the required flow at node 15 based on the minimum instream
flow requiremems at node 15, flow at node 15, excess, and Hodge flow requiremems.
PROSIM compares the value to the actual flow at node 15 (refer to this as "XTRA"). If
XTRA is greater than EBMUS, then there is enough excess flow in the system to reduce
flows out to the ocean by EBMUS and that water is delivered to EBMUD. IfXTRA is
less than EBMUS, flows out the Delta are reduced by EBMUS and the difference between
XTRA and EBMUS is released from Folsom Lake.

MINIMUM INSTREAM FLOW REQUIREMENTS

On the Sacramemo River below Keswick Dam and the American River below Nimbus Dam,
minimum instream flow requirements are based on reservoir storage. Any storage change
resulting from the inclusion of EBMUD in this simulation is not allowed to affect the target flows
on either river. Minimum instream flow requiremems from an intermediate simulation
(Cumulative Impacts simulation without EBMUD) are used in a time series for each river. This
use of time series required changes in the FTS input file (adding time series for both locations)
and the FWQ input file (set both locations to "byts").

NO BAY-DELTA PLAN ACCORD SIMULATION

The No Bay-Delta Plan Accord simulation includes the basic assumptions of the No-Action
Alternative simulation except for the implementation of the 1978 State Water Resources Control
Board (SWRCB) Water Rights Decision 1485 (D-1485). The differences between the No Bay-
Delta Plan Accord and No-Action Alternative simulations are presented below.
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CVP OPERATIONS

Reservoirs

In the RES input file, the storage rule curves for the SWP portion of San Luis Reservoir are
increased in July, August, and September of wet and above normal year types to increase southem
SWP exports.

Delta Export Pumping Plants Physical and/or Regulatory Limits

The monthly physical and/or regulatory limits are different at Tracy in May and June, and at
Banks during April through July. These pumping limitations are presented in Table V-13.

TABLE V-13

NO BAY-DELTA PLAN ACCORD:
MONTHLY PHYSICAL ANDIOR REGULATORY PUMPING LIMITS

(in cfs)

Pumping Oct Nov Dec Jan Feb Mar Apt May Jun Jul Aug Sep
Plant

Tracy    4,600 4,600 4,600 4,600 4,600 4,600 4,600 3,000(1) 3,000(1) 4,600 4,600 4,600

Banks    6,680 6,680 6,680 6,680 6,680 6,680 6,680 3,000(2) 3,000(2) 4,600(1) 6,680 6,680

NOTES:
(1) SWRCB’s D-1485 criteria for striped bass survival. AdditiQnal pumping of federal water by the State

=wheeling" occurs later in the year to make up for these restrictions.
(2) SWRCB’s D-1485 criteria for stripped bass survival. In addition, pumping is restricted further (to 2,000 cfs)

if storage withdrawals from Oroville are being made - per January 5, 1987, interim agreement between
California’s Department of Fish and Game (DFG) and DWR.

PRE-OPERATED SAN JOAQUIN RIVER AND EASTSlDE STREAMS

Flow changes in the San Joaquin River and Eastside Streams resulting from the SANJASM
simulation of the No-Bay Delta Plan Accord are reflected in the pre-operated (from SANJASM)
flows used in the CMC and S JR input files. See the SANJASM Methodology/Modeling
Technical Appendix for a discussion of alternatives.

DELTA AND COA CRITERIA

D-1485 Minimum Delta Outflow

DWR’s MDO data and relationships are integrated into PROSIM. The minimum Delta outflow
criteria used in this scenario are contained in the MDO input file. Please refer to it and the section
entitled, "PEISIM Representation of SWRCB Water Quality Control Plan of August 16, 1978"
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for details. Before the first month is simulated, PROSIM calculates initial minimum Delta
Outflow Requirements using this criteria.

The resulting minimum Delta outflow requirements are then subject to modification each month
based on the prevailing operational conditions such as previous month’s flow for the 60 day
continuous provision, flood control status of two out of three reservoirs and deficiencies.

The minimum required values are taken to be outflow requirements that may be satisfied by all
sources tributary to the Delta - Yolo Bypass flows, Eastside Streams flows, computed return
flows, as well flows from the Sacramento and San Joaquin Rivers flows. Only the Sacramento
River flows are augmented to meet the minimum Delta outflow requirements in this study. The
rest of the inflows are fixed at the point in the monthly simulation when satisfaction of required
Delta outflows is being ensured. This is consistent with past planning studies by Reclamation
(USBR) and DWR and clarifying language from the SWRCB in their draft D-1630
documentation.

EC Relaxation

The annual EC relaxation values are based on a comparison of CVP contracts and SWP
entitlements with CVP and SWP deliveries.

WHEELING

In addition to the two types of wheeling described in the No-Action Alternative simulation, D-
1485 wheeling occurs in the No-Bay Delta Plan Accord simulation.

D-1485 Wheeling

This CVP water is exported from the Delta by Banks pumping plant each year as compensation
for the pumping restrictions placed on Tracy pumping plant in May and June per D-1485. This
wheeling amounts to 194 thousand acre-feet each year. For this scenario the following
assumptions are made:

¯ Wheeling (payback) is assumed to occur within the July 1 - Nov 30 timeframe.

¯ Up to 194 thousand acre-feet can be moved in a single month.

¯ Whether Traey is pumping at its maximum permissible rate during May and June is not
considered.

¯ D-1485 wheeling is not required if the CVP simulation imposed a deficiency level greater than
22 (See section on Deficiencies).

¯ Wheeling is done to the extent needed to fill CVP San Luis to its rule curve.

¯ Wheeling is only done to the extent the SWP had available capacity at Banks, i.e., SWP is not
forced to wheel all 194 thousand acre-feet each year.
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¯ CVP excess in the Delta is labeled wheeling water to the extent possible.

CROSS CHANNEL GATE OPERATIONS, EXPORT CURTAILMENTS, AND
DEFICIENCIES

Cross Channel Gates Operation

The operation of the Delta cross channel gates is simulated as shown in Table V-14. The gate
position is used in computing carriage water tables. It is also used in checking compliance with
the Rio Vista flow standard.

TABLE V-14

D-1485 CROSS CHANNEL GATES OPERATIONS

(Flood Control)
Sacramento River (D-1485)

at Sacramento Delta Outflow Index
Month Normal Operation >25,000 cfs >12,000 cfs

October Both Open Both Closed Both Closed
November Both Open Both Closed Both Closed

December Both Open Both Closed Both Closed
January Both Open Both Closed Both Closed
February Both Closed (NMFS) Both Closed Both Closed

March Both Closed (NMFS) Both Closed Both Closed
April Both Closed (NMFS) Both Closed Both Closed (22 days)

May Both Open (30 days) Both Closed Both Closed (13 days)

June Both Open Both Closed Both Closed

July Both Open Both Closed Both Closed

August Both Open Both Closed Both Closed

September Both Open Both Closed Both Closed

The initial gate settings are shown in the second column. These settings are used at the beginning
of each month. Criteria used to change these initial settings in a particular month and the relative
priority of the criteria are as follows:

¯ Higher priority: The third column’s 25,000-cfs threshold is an attempt to recognize the real
time flood control operation of the gates. The gates settings will be changed to those in the
third column if this threshold is exceeded.

¯ Lower priority: The fourth column’s 12,000-cfs threshold is a D-1485 standard. The gates
settings will be changed to those in the fourth column if this threshold is exceeded and no
higher priority condition exists.
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Deficiency Criteria

The northern CVP reservoir carryover parameters in the DFC input file are increased. These
increases require higher CVP reservoir storage for the same delivery t~action as in the No-Action
Alternative.

PEISlM REPRESENTATION OF SWRCB WATER QUALITY CONTROL PLAN OF
AUGUST 16, 1978 (D-1485)

Many of the standards in D-1485 are daily EC standards. PROSIM uses the MDO logic to
transform these standards to monthly flow requirements. The D- 1485 standards evaluated by
PEISIM are listed below.

Evaluation of Agricultural and M&I Water Quality EC Standards

The M&I water quality standards for the Contra Costa Canal Intake are defined by year type.
These standards are shown in Table V- 15.

TABLE V-15

D-1485 M&I WATER QUALITY STANDARDS AT CONTRA COSTA CANAL INTAKE

Year Type (Four River Index) Number of Days at 130 mglL Chlorides
Wet 243 days/year (January I through August 31 assumed)

Above Normal 181 days/year (January 1 through June 30 assumed)
Below Normal 181 days/year (January I through June 30 assumed)

Dry 151 days/year (January 1 through May 31 assumed)
Critically Dry 151 days/year (January 1 through May 31 assumed)

The remaining days of all years are to maintain a standard of 225 mg/1 Chlorides. The actual daily
standards in D-1485 are specified as 150 mg/l and 250 mg/1. Following DWR’s conservative
approach in monthly modeling of these standards, a "buffer" is added to insure that the standard is
maintained on a daily basis. Thus, PROSIM uses a value of 130 mg/l for the 150 mg/1 standard,
and a value of 225 mg/1 for the 250 mg/1 standard in this scenario. Specified in MDO input file.

The EC standards at Emmaton and Jersey Point are the same as in the No-Action Alternative
simulation. This information is specified in the MDO input file.

As in the No-Action Alternative simulation, the EC standards for the Interior Delta (Mokelumne
River at Terminous and San Joaquin River at San Andreas Landing) are not modeled.
Fish and Wildlife Water Quality and Flow Standards
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Striped Bass Spawning and Survival Standards. The Striped Bass spawning standards
at Prisoners Point are not modeled. The Striped Bass spawning standards at Chipps Island are
maintained per D-1485, i.e., a minimum Delta Outflow Index of 6700 during the April 1-14
period is maintained in all year types. The Striped Bass spawning EC standards at Antioch
Waterworks Intake are modeled as specified including the relaxation criteria (to the extent
monthly model with flow-water quality regressions can). The deficiencies in firm supplies from
the previous PEISIM simulation are used. A check confirms the deficiencies in the final and
previous simulations remain the same, indicating closure. The Striped Bass survival standards at
Chipps Island are maintained per D-1485 as in Table V-16. All striped bass spawning and
survival standard information is contained in the MDO input file.

TABLE V-16

D-1485 STRIPED BASS SURVIVAL STANDARDS AT CHIPPS ISLAND

Year Type Period of Year Delta Outflow Index Value
Wet May 6 through May 31 14,000
Wet June 1 through June 30 14,000
Wet July 1 through July 31 10,000

Above Normal May 6 through May 31 14,000
Above Normal June 1 through June 30 10,700
Above Normal July 1 through July 31 7,700
Below Normal May 6 through May 31 11,400
Below Normal June 1 through June 30 9,500
Below Normal July 1 through July 31 6,500

Wet v~ith Subnormal Snowmelt May 6 through May 31 6,500
Wet with Subnormal Snowmelt June 1 through June 30 5,400
Wet with Subnormal Snowmelt July 1 through July 31 3,600

Above Normal with Subnormal Snowmelt May 6 through May 31 6,500
Above Normal with Subnormal Snowmelt June 1 through June 30 5,400
Above Normal with Subnormal Snowmelt July 1 through July 31 3,600
Below Normal with Subnormal Snowmelt May 6 through May 31 6,500
Below Normal with Subnormal Snowmelt June 1 through June 30 5,400
Below Normal with Subnormal Snowmelt July 1 through July 31 3,600

Dry following Wet, Above Normal, or Below Normal May 6 through May 31 4,300
Dry following Wet, Above Normal, or Below Normal June 1 through June 30 3,600
Dry following Wet, Above Normal, or Below Normal July 1 through July 31 3,200

Dry following Dry or Critically Dry May 6 through May 31 3,300
Dry following Dry or Critically Dry June 1 through June 30 3,100
Dry following Dry or Critically Dry July 1 through July 31 2,900

Critically Dry May 6 through May 31 3,300
Critically Dry June 1 through June 30 3,100
Critically Dry July 1 through July 31 2,900

Sacramento River Flow Standards. The Salmon migration flow standards on the
Sacramento River at Rio Vista are maintained as presented in Table V-17. This information is
contained in the XCG input file.
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TABLE V-17

D-1485 SACRAMENTO RIVER FLOW STANDARDS AT RIO VISTA
(in cfs)

Year Type Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
Wet 5,000 5,000 5,000 2,500 3,000 4,000 5,000 5,000 5,000 3,000 1,000 5,000

Above Normal 2,500 2,500 2,500 2,500 2,000 2,500 3,000 3,000 3,000 2,000 1,000 2,500
Below Normal 2,500 2,500 2,500 2,500 2,000 2,500 3,000 3,000 3,000 2,000 1,000 2,500

Below Normal(1) 2,500 2,500 2,500 2,500 2,000 2,500 3,000 3,000 3,000 2,000 1,000 2,500
Dry 1,500 1,500 1,500 1’,500 1,000 1,500 2,000 2,000 2,000 1,000 1,000 1,500

Critically Dry 1,500 1,500 1,500 1,500 1,000 1,500 2,000 2,000 2,000 1,000 1,000 1,500
NOTE:

(1) Year type is below, normal with subnormal snowmelt.

Suisun Marsh Requirements. The Suisun Marsh EC requirement for Chipps Island at O&A
Ferry Landing is modeled as specified (12.5 mmhos) including the Oct-Dec relaxation to 15.6
mmhos when deficiencies in firm supplies during dry and critical years are imposed (at least to the
extent monthly model with flow-water quality regressions can). PROSIM’s subroutine
ADJMRDO does the relaxation when the criteria is met.

The Suisun Marsh Department of the Interior (DOI) requirement for Chipps Island is modeled as
specified in D-1485 including the 60-day continuous provision and the 6,600-cubic-feet-per-
second (cfs) flood control provision.

The Suisun Marsh EC requirement at and downstream of Collinsville is not explicitly modeled.

EARLY 1990s CONDITIONS SIMULATION

The Early 1990s Conditions simulation is provided for reference purposes only, to show model
simulation results under conditions at a projected 1995 level of development without
implementation of the CVPIA. This simulation assumes operation of existing facilities in
accordance with operating rules and criteria that were in effect or being developed as of October
1992 when the CVPIA was adopted. The major operations criteria affecting the CVP facilities
modeled in PEISIM for the Existing Conditions simulation include the following items:

¯ Coordinated Operations Agreement (COA) with revisions to 1986 sharing formula to model
export restrictions per the Draft Water Quality Control Plan (SWRCB, 1995) (The COA and
Public Law 99-546 assume revision of items such as the sharing formula, given a more recent
Water Quality Control Plan.);

¯ the 1993 Winter Run Biological Opinion as amended in 1995 by National Marine Fisheries
Service (NM~S);

¯ the 1978 State Water Resources Control Board (SWRCB) Water Rights Decision D1485; and
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¯ American River minimum strearnflow requirements based on recent operational practices
which attempt to meet some of the requirements of SWRCB Decision 1400 with minimum
flow requirements per SWRCB Decision 893.

Other CVP system operations are consistent with the criteria defined in the Long-Term Central
Valley Project Operations Criteria and Plan CVP-OCAP (October 1992).

1995 LEVEL OF DEVELOPMENT

The differences between the No-Bay Delta Plan Accord and Existing Conditions simulations are
the result of different levels of development. In the Existing Conditions simulation, the following
PEISIM input files change due to the 1995 level of development:

¯ CMC (Pre-Operated Eastside Streams Flow to Delta File)
¯ DFC (Deficiency File for CVP Project Demand Nodes)
¯ DFS (Deficiency File for SWP Project Demand Nodes)
¯ DLT (Minimum Delta Outflow Requirement Data File)
¯ GAN (Gains Time Series File)
¯ INF (Inflow Time Series File)
¯ NPD (Non-Project Demand Time Series File)
¯ N-PE (Non-Project Irrigation Efficiency Input File)
¯ PAG (Project Agricultural Demand File)
¯ PE_ (Project Efficiency File)
¯ PMI (Project M&I Demand File)
¯ S JR (Pre-Operated San Joaquin River Flow to Delta File)
¯ SWP (SWP Export Demands File)

RECENT CONDITIONS SIMULATION

The Recent Conditions simulation is provided for reference purposes only, to show model
simulation results under conditions at a projected 1995 level of development without
implementation of the CVPIA. This simulation assumes operation of existing facilities in
accordance with operating rules and criteria that were in effect or being developed as of October
1992 when the CVPIA was adopted. The major operations criteria affecting the CVP facilities
modeled in PEISIM for the Existing Conditions simulation include the following items:

¯ the Bay-Delta Plan Accord as defined in the Draft Water Quality Control Plan (SWRCB,
1995);

¯ Coordinated Operations Agreement (COA) with revisions to 1986 sharing formula to model
export restrictions per the Draft Water Quality Control Plan (SWRCB, 1995) (the COA and
Public Law 99-546 assume revision of items such as the sharing formula, given a more recent
Water Quality Control Plan.);

¯ the 1993 Winter Run Biological Opinion as amended in 1995 by National Marine Fisheries
Service (NMFS); and
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¯ American River minimum streamflow requirements based on recent operational practices
which attempt to meet some of the requirements of SWRCB Decision 1400 with minimum
flow requirements per SWRCB Decision 893.

Other CVP system operations are consistent with the criteria defined in the Long-Term Central
Valley Project Operations Criteria and Plan CVP-OCAP (October 1992).

1995 LEVEL OF DEVELOPMENT

The differences between the No-Action Alternative and Recent Conditions simulations are the
result of different levels of development. In the Recent Conditions simulation, the following
PEISIM input files change due to the 1995 level of development:

¯ CMC (Pre-Operated Eastside Streams Flow to Delta File)
¯ DFC (Deficiency File for CVP Project Demand Nodes)
¯ DFS (Deficiency File for SWP Project Demand Nodes)
¯ DLT (Minimum Delta Outflow Requirement Data File)
¯ GAN (Gains Time Series File)
¯ INF (Inflow Time Series File)
¯ NPD (Non-Project Demand Time Series File)
¯ NPE (Non-Project Irrigation Efficiency Input File)
¯ PAG (Project Agricultural Demand File)
¯ PE_ (Project Efficiency File)
¯ PMI (Project M&I Demand File)
¯ S JR (Pre-Operated San Joaquin River Flow to Delta File)
¯ SWP (SWP Export Demands File)

RESERVOIR STORAGE LEVELS

In the RES input file, the storage rule curves for the CVP portion of San Luis Reservoir are
increased in October and February of dry year types to increase CVP deliveries south of the Delta.

EARLY 1980s CONDITIONS SIMULATION

The Early 1980s Conditions simulation is built upon the Existing Conditions simulation. CVP
contract amounts, minimum instream flow requirements, reservoir storage levels, and operations
in the San Joaquin River Basin are different from the Early 1990s Conditions.

REDUCED CVP CONTRACTS

In the Early 1980s simulation, CVP refuge contracts are reduced to average annual historical
levels for the period 1974 through 1981. The annual refuge data are from the Central Valley Fish
and Wildlife Management Study (Reclamation, 1986). The deficiencies applied to the CVP
refuges in this simulation are the same as those applied to agricultural contractors, up to a
25 percent deficiency (maximum applied to refuges). These changes require modifications to the
DFC and PAG input files.
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25 percent deficiency (maximum applied to refuges). These changes require modifications to the
DFC and PAG input files.

At PROSIM node 34, the agricultural and M&I contracts for the San Felipe Unit are equal to
zero. These changes require modifications to the DFC, PAG, and PMI input files.

MINIMUM INSTREAM FLOW REQUIREMENTS

In the 1955 Act, flows on the Trinity River are set at 120,500 acre-feet per year, for all year
types. The highest flow requirements are in the fall and early winter months. The pattern does
not change by year type. This flow requirement is over 200,000 acre-feet less than that required
in the Early 1990s Conditions with D-1485 simulation. The decrease in flow down the river is
exported to the Sacramento River Basin.

The reservoir storage-based minimum flow requirements for Trinity River exports to
Whiskeytown Lake are modified to compensate for the increase in exports from the Trinity River
Basin. In the spring and summer months, flow requirements are increased and triggers were
reduced.

The minimum instream flow requirements on the Sacramento River below Keswick Dam are set
to the those in the April 5, 1960, DFG Agreement. The year type designation is changed from
Shasta Index to D-1485 Fish and Wildlife Four River Index.

These modifications are made to the FWQ input file.

RESERVOIR STORAGE LEVELS

The CVP San Luis storage rule curves are increased in all year types to increase deliveries south
of the Delta. The Folsom Lake STRF_IN for the critically dry year type is decreased to prevent
the reservoir from being drawn down below 90,000 thousand acre-feet. These modifications are
made to the RES input file.

PRE-OPERATED SAN JOAQUlN RIVER AND EASTSlDE STREAMS FLOWS;
INFLOWS TO MENDOTA POOL

Flow changes in the San Joaquin River and Eastside Streams resulting from the SANJASM
simulation of Early 1980s are refle.cted in the pre-operated (from SANJASM) flows used in the
CMC and S JR input files. Changes to inflows to Mendota Pool resulting from the~.s.imulation of
Early 1980s are reflected in the pre-operated (from SANJASM) flows used in the GAN input
file. See the SANJASM Methodology/Modeling Technical Appendix for a discussion of
alternatives.
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Chapter I

INTRODUCTION

This technical appendix provides an overview of the San Joaquin Area Simulation Model
(SANJASM), and summarizes the application of this model to the analysis of alternatives
considered in the PEIS. A description of the model characteristics, and a discussion of
modifications and processes applied to the analysis of PEIS alternatives is included.

The SANJASM model is a monthly time-step surface water accounting model that simulates
major surface water hydrologic features in the San Joaquin River Basin, and on rivers tributary to
the east side of the Sacramento-San Joaquin Delta. The SANJASM model simulates reservoir
operation, and accounts for average monthly reservoir storage lands, stream flows, surface water
diversions, return flows, and average water quality conditions.

PURPOSE OF MODEL FOR THE PEIS

The surface water resources in the San Joaquin River Basin, and on streams tributary to the east
side of the Delta are managed to provide water for agricultural, municipal and industrial (M&I),
instream environmental, and water quality purposes. The major reservoirs in these regions are
operated to meet these requirements and to provide recreational opportunities.

A 15rimary component of the alternatives included in the PEIS are actions to implement
instream target flows based on information provided by the Service in October 1996 and
presented in Attachment G of the PEIS (target flows). The implementation of the flows would
affect the operation of surface water facilities in this region, and would consequently affect the
management of surface water supplies for agricultural and M&I purposes, water quality
conditions, power resources, fisheries resources, vegetation and wildlife resources, and
recreational opportunities. The assessment of these types of potential impacts requires an
estimate of stream flow, reservoir storage, and water deliveries. The SANJASM model provides
monthly estimates of these types of data, and is used in the PEIS to evaluate various aspects of
implementing the alternatives. Specifically, SANJASM is used in the PEIS to evaluate the
following responses to the PEIS alternatives:

¯ stream flow conditions, expressed as total quantity of water released monthly, at locations
downstream of control structures and at confluence points of multiple streams;

¯ end of month simulated storage conditions in simulated water supply reservoirs;

¯ changes in surface water conditions resulting from water acquisition from willing sellers
toward meeting target flows;
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¯ estimated average monthly water quality conditions in the San Joaquin River at Vemalis in
response to upstream operations; and

¯ annual deliveries of water pursuant to CVP contracts.

Output from SANJASM is used as input to other resource analyses for the PEIS, including
fisheries, vegetation and wildlife, and recreation.

HISTORY OF MODEL DEVELOPMENT

In July 1988, Reclamation retained Boyle Engineering Corporation to develop a detailed model
of the San Joaquin River System between Millerton Lake and the Delta. The model included
simulated operations of the San Joaquin, Fresno, Chowchilla, Merced, Tuolumne, Stanislaus, and
Calaveras rivers. The model was designed to evaluate impacts of alternative instream flow
criteria, operation procedures, conjunctive use groundwater schemes, power generation
strategies, and new physical facilities. The model was based on historic surface water and
groundwater hydrologic and water supply data developed by Boyle with assistance from
Reclamation. Since the initial development of SANJASM, many modifications have been made
to the model by Reclamation, including the addition of the Mokelumne River and Cosumnes
River systems. The model structure and several subroutines are similar to those included in
PROSIM, Reclamation’s model of CVP and State Water Project (SWP) operations in the
Sacramento Valley, Delta, and west side of the San Joaquin Valley.

Several modifications to SANJASM were made for the PEIS to add specific modeling
capabilities needed for the analysis. Some of the enhancements were accomplished through the
development of external spreadsheet processors which are considered an integral part of the
model. The modifications to the model for the PEIS are discussed in Chapter III.

OVERVIEW OF EXISTING DOCUMENTATION

Existing documentation for SANJASM is contained in two documents. The original
documentation that accompanied the model in July, 1991 is entitled "San Joaquin Area
Simulation Model (SANJASM)." This document contains information on model development,
computations, and provides guidance on the use of the model. In September 1993, an update to
the documentation was developed, entitled "SANJASM Documentation," which discussed
modifications made to the model since 1991. Portions of these documents have been
incorporated into this technical appendix to provide continuity in the description of the model
features and operation. This technical appendix, however, does not provide comprehensive
documentation for all aspects of SANJASM. Rather, it summarizes the application of
SANJASM to the analysis of PEIS alternatives. The reader is encouraged to refer to the previous
documents, in conjunction with this technical appendix, to obtain a more comprehensive
understanding of the SANJASM model.
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INTEGRATED MODELING PROCESS
(INTERACTION WITH OTHER ANALYTICAL TOOLS)

Simulation of the PEIS altematives was accomplished using an integrated modeling process
involving several analytical tools. Figure I-1 illustrates the overall relationship and exchange of
data between the analytical tools. Because the PEIS alternatives focus on the provision of
surface water flow conditions, the hydrology models serve as the starting point for the modeling
process. The hydrologymodels include PROSIM, which simulates surface water conditions in
the Sacramento River Region and Delta operations (including deliveries to the west side San
Joaquin Valley); Central Valley Groundwater Surface Water Model (CVGSM), which simulates
the groundwater conditions for the Central Valley; and SANJASM, which simulates the surface
water conditions in the San Joaquin River Region. Output from the hydrology models provides
some of the data necessary for the analysis of other resources included in the PEIS.

Because the hydrology models exchange input and output data during a model run, an iterative
approach between models was used to ensure the use of consistent data between the models.
Output from Reclamation’s Monthly CVP/SWP Simulation Model (PROSIM) required for each
SANJASM run includes Delta Mendota Canal (DMC) surface water deliveries and south of
Sacramento-San Joaquin Delta (Delta) refuge deliveries. Output from CVGSM required for each
SANJASM run includes stream accretion/depletion data, and the total applied water to the west
side of the San Joaquin Valley. The total applied water to the west side of the San Joaquin
Valley includes both the surface water and groundwater applied in the region. Data were
exchanged between successive model iterations until little or no changes in results occurred,
indicating a relative balance in simulated hydrologic conditions.

USE OF SANJASM OUTPUT IN OTHER RESOURCE ANALYSES

Output from SANJASM was used as input to several different resource analyses. The type of
data provided, and a general description of the use of the data for other resource analyses is
described below.

Groundwater

Reservoir releases, surface water diversions, and minimum instream flows from SANJASM were
input to CVGSM for the simulation of Central Valley groundwater conditions. CVGSM
simulates groundwater conditions, including the interaction between surface water and
groundwater. Changes in surface water accretions and decretions in successive CVGSM runs
were used to update input data to SANJASM.

Power

Average monthly reservoir storage levels and total monthly releases simulated by SANJASM
were used to estimate changes in CVP power production.
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Agricultural Economics

Surface water deliveries simulated by SANJASM, as adjusted by CVGSM for on-farm deliveries,
along with groundwater pumping estimates from CVGSM, were provided as input to CVPM to
estimate changes in crop production, farm income, irrigated acreage, and assess the economic
impacts of the PEIS alternatives on agricultural water users.

M&I Economics

The M&I economics analysis used simulated surface water diversions from SANJASM to assess
the economic impacts of the PEIS alternatives on M&I users.

Water Temperature

Simulated reservoir operations, stream flows, gains, diversions, and return flows are used in the
temperature model to evaluate reservoir and instream temperatures.

Water Quality

SANJASM output is used to identify changes in simulated surface water quality conditions on
the San Joaquin River at Vernalis.

Vegetation and Wildlife

Simulated reservoir elevation and surface area, and streamflows are used in the analysis of
vegetation and wildlife habitat.

Fisheries

The analysis of reservoir fisheries depends primarily on SANJASM simulated reservoir
operations. The riverine fisheries analysis depends on simulated stream flows, facilities
operations, and surface water diversions.

Recreation

The analysis of recreation opportunities at reservoirs utilized SANJASM simulated reservoir
operations. The analysis of recreation opportunities in streams utilized simulated stream flows,
facilities operations, and surface water diversions.
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Chapter II

DESCRIPTION OF SANJASM

INTRODUCTION

SANJASM is a monthly planning model that simulates the operation of major surface water
features in the San Joaquin River Region. The San Joaquin River, its major tributaries, and
rivers tributary to the east side of the Sacramento-San Joaquin/San Francisco Bay Delta, are
simulated in SANJASM by a network of 3 9 reservoir and stream nodes. This chapter describes
the model study area and facilities as well as the basic computational processes used in the
model.

MODEL STUDY AREA

Figure II-1 shows the rivers and primary facilities in the SANJASM simulation area. The San
Joaquin River system forms in the Sierra Nevada Mountain Range northeast of the City of
Fresno, flows west, then north through the San Joaquin Valley, and enters the Delta near the
Town of Vernalis. Major tributaries to the San Joaquin River are the Merced, Tuolurrme, and
Stanislaus rivers, which also form in the Sierra Nevada Mountain Range. Lesser east side
tributaries to the San Joaquin River simulated in SANJASM include the Fresno and Chowchilla
rivers. West side streams in the San Joaquin Valley are generally ephemeral and contribute
rundff only during rain events. The flow contributions from these streams are pre-processed
input to SANJASM, and are accounted for in the stream accretions/depletions. At times, when
the Kings River (located in the Tulare Lake Region, just south of the San Joaquin River Basin) is
in flood stage, some of this flood water is diverted into the San Joaquin River through the Fresno
Slough (James Bypass). These flows are also pre-processed input to SANJASM. Three rivers
tributary to the east side of the Delta, the Calaveras, Mokelumne, and Cosumnes rivers, are also
simulated in SANJASM.

Figure II-2, the SANJASM System Schematic, shows the arrangement of stream flow and
reservoir nodes in the model. In SANJASM, the upper San Joaquin River area, including the San
Joaquin River from Friant Dam to the Merced Confluence, and the Fresno and Chowchilla rivers,
is operated in a coordinated manner. The operation of Friant Dam includes simulated releases to
the Friant-Kern Canal, the Madera Canal, and the San Joaquin River. The simulated operations
of Madera Canal releases are coordinated with the operation of Hidden and Buchanan Dams to
partially meet demands on the Fresno and Chowchilla Rivers.

The Merced, Tuolumne, and Stanislaus Rivers are the primary tributaries to the San Joaquin
River. The primary storage and flow regulation facilities on the Merced and Tuolunme Rivers
are operated by irrigation districts (ID) in these watersheds. New Exchequer Dam on the
Merced River is operated by Merced ID, and New Don Pedro Reservoir on the Tuolumne River
is operated by Modesto and Turlock IDs. These facilities are operated for a combination of flood
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control, water supply, power generation, recreation, and instream environmental purposes.
SANJASM includes generalized operating rules for these facilities that are based on information
supplied by the irrigation districts. The operational rules included in SANJASM may not fully
account for the variable operation of these facilities for purposes other than flood control and
water supply.

The Hetch Hetchy system, on the Tuolumne River upstream of New Don Pedro Reservoir is
operated by the City and County of San Francisco, and consists of Hetch Hetchy Reservoir, and
Cherry and Eleanor lakes. The SANJASM code contains the ability to either simulate these
facilities or accept inflows to New Don Pedro Reservoir based on separate operation.

New Melones Reservoir on the Stanislaus River is a CVP reservoir, and is operated in
SANJASM for all authorized purposes. New Hogan Reservoir on the Calaveras River is a Corps
of Engineers facility that supplies water to the City of Stockton and local agricultural users.
Pardee and Camanche reservoirs on the Mokelumne River are operated by East Bay Municipal
Utility District to provide M&I water to the East San Francisco Bay Region, and to release water
for downstream agricultural users and environmental requirements. The simulated operation of
these facilities in SANJASM was developed based on guidance from the East Bay Municipal
Utility District (EBMUD). Cosumnes River operations are pre-processed as input to SANJASM
and are not explicitly simulated in the code.

OVERVIEW OF MODEL

SANJASM simulates the operations of the San Joaquin River system using a monthly time-step
¯ surface water accounting process. Inflows, demands, gains, and reservoir operations parameters
are provided as input to the model. The simulation period includes water years 1922 through
1992. The primary calculations are performed using the SANJASM FORTRAN code, although
modifications have been made to the model in the form of supplemental spreadsheet processors.
The supplemental spreadsheet processors were initially developed in conjunction with the
preparation of the Draft PEIS to simulate the objectives of the alternatives, and are discussed in
Chapter III. Together, the FORTRAN code and supplemental spreadsheets form the SANJASM
model.

MODEL COMPONENTS

The SANJASM FORTRAN code contains several analytical components, including reservoir
operations, stream flow diversions and return flows for agricultural and M&I uses, instream flow
accounting, and water quality simulation. Where possible, recent historical operations form the
basis for the operational criteria in the model. Simulated stream flows and diversion quantities
were developed to simulate observed recent historic operations. All reservoirs simulated in
SANJASM are operated in accordance with the operational rules and downstream demands on
the simulated rivers. Reservoir operating rules simulated in SANJASM include maximum flood
control storage levels provided by the U.S. Army Corps of Engineers (COE) and minimum
storage targets, which govern available water supplies. Releases from the reservoirs are made to
provide water for agricultural and M&I demands, instream flow objectives, and water quality
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requirements (New Melones Reservoir). The model also simulates releases that would be made
in the spring in anticipation of high spring runoff.

Both agricultural and M&I demands are represented in the model simulation. All demands and
diversions in SANJASM are point of diversion quantities. Demands are identified as one of
three categories; exports, project, and non-project. Exports are diversions which occur at a
reservoir and are assumed to leave the basin, and therefore have no associated return flows in the
model study area. Project diversions are defined as those which may be served directly through
releases from reservoir storage. Non-project diversions are essentially riparian water rights
entitled to natural river flow at the point of diversion, and cannot be met with stored water.
Deficiencies on surface water supplies to project demand quantities are applied on a water-year
type basis, while non-project supplies are limited by the natural available supply. Both project
and non-project diversions are delivered to lands within the SANJASM simulation area.
SANJASM computes return flows associated with these deliveries and distributes the returns to
appropriate stream nodes based on existing generalized drainage patterns.

SANJASM maintains a flow accounting of stream flow conditions at each stream node in the
model. The model separately accounts for accretions and depletions (gains) along the stream,
flows through several major canals and bypass channels, and return flows from agricultural and
M&I water use at each node.

SANJASM simulates reservoir operations to maintain specified minimum instream flow
requirements. New Melones reservoir is also operated to meet water quality requirements on the
San Joaquin River at Vernalis. Water quality is estimated at Vernalis based on San Joaquin
River flows upstream of the Stanislaus confluence, agricultural return flows from the west side of
the San Joaquin basin, and flows in the Stanislaus River. Based on the estimated water quality,
releases are made from New Melones Reservoir to attempt to meet appropriate water quality
standards.

The simulated reservoir operations in SANJASM do not explicitly consider power generation,
and incidental power generation is not computed by SANJASM. In some cases, however, when
reservoir storage levels are sufficiently high, reservoir releases are made for power purposes
based on the historic operations of the facilities.

COMPUTATIONAL PROCESS

PROGRAM FLOW

Figure II-3 shows the computational process of SANJASM. The simulation begins by reading all
initial data,, which includes all data that are not of a time series nature. The monthly operations
then begin with the input of time series datal At the beginning of each water year, the time series
data for the entire water year is read, allowing forecasting of inflows and demands.

Diversions from Millerton Lake to the Friant-Kern Canal and Madera Canal, and the water rights
demands on Stanislaus River are computed next. Diversions to the Friant-Kern and Madera
canals are based on monthly regression equations that consider basin wetness, and inflow and
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storage conditions in Millerton Lake. These regression equations are based on historic
operations, and do not explicitly account for deliveries of Class I or Class II water. The
operations along the Friant-Kern Canal are not simulated in SANJASM. Estimated demands for
Oakdale ID (OID) and South San Joaquin ID (SSJID) on the Stanislaus River, are determined
using an inflow based formula stipulated in a 1988 agreement between Reclamation and the
irrigation districts. SANJASM computes the demand for these water rights based on the criteria
specified in this agreement. The Stanislaus River minimum instream flow requirement is
calculated based on a 1987 interim agreement between the California Department of Fish and
Game (DFG) and Reclamation, unless a time series instream flow requirement is specified,
which would override this calculation.

SANJASM then calculates deficiencies to be applied to project demands (both agricultural and
M&I) based on the water year type deficiencies specified in the Master Control File (MCF). The
annual surface water delivery is computed as either the project demand, or the contract amount
times one minus the deficiency, whichever is lesser. With the surface water delivery quantities
set, the model operates the individual streams in three separate subroutines, beginning with the
San Joaquin, Merced, and Tuolumne rivers in the first subroutine, the Stanislaus and Calaveras in
the next, then lastly the Mokelumne and Cosumnes rivers.

RESERVOIR OPERATIONS

Reservoirs are operated to meet flood control criteria and downstream demands, which include
minimum instream flows, project demands, non-project demands, exports, and water quality
standards (in the case of New Melones). After releases have been made for all export and
downstream requirements, the resulting storage levels are compared to flood control
requirements. If storage is above the maximum allowable storage for flood control for the
month, an additional release is made to reduce storage to the maximum flood control level.

SANJASM is based on the assumption that most project demands provide a supplemental water
supply to existing groundwater use. Therefore, project demands are satisfied by first using an
assumed minimum level of groundwater pumping, which is specified in the groundwater
pumping file. If a portion of the demand is unmet from these sources, releases are made in
accordance with the maximum surface water delivery previously computed. Any remaining
unmet demands are satisfied with additional groundwater, up to a specified maximum
groundwater pumping quantity, also specified in the groundwater pumping file.

Non-project demands are met in a manner similar to project demands except that non-project
demands cannot be met by releases from reservoir storage. The demands are met first with
minimum groundwater pumping, then with monthly inflows to the upstream reservoir, gains and
return flows above the node, and finally with groundwater up to the maximum allowable. The
shortage at each node is completed as the remaining unmet demand, if any.

WATERSHED SPECIFIC OPERATIONS

This section describes SANJASM operations for each of the simulated watersheds. Because
SANJASM incorporates both Federal and local water supply projects, the simulated operational
rules vary according to the specific project.
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San Joaquin River Operations

Millerton Lake (node 5), a CVP facility, is operated primarily to supply irrigation water to the
Friant-Kern Canal and the Madera Canal. Deliveries to these canals are determined using
regression equations based on storage, basin wetness factors, and forecasted inflows, and are
cdordinated with the operations of Hidden and Buchanan Dams. Although there is no minimum
instream flow requirement below Friant Dam, releases are made to satisfy riparian water rights
between Friant and Gravelly Ford. A flow of 5 cfs is provided along all reaches below Friant to
Gravelly Ford in addition to the riparian demands to provide adequate flow past diversions.
After required releases and diversions are satisfied, flood control releases are made as necessary
to bring Friant storage to COE flood control levels.

Demands at node 15 (Mendota Pool) are satisfied using a combination of Fresno Slough inflows,
Friant flood control releases, and deliveries from the Delta Mendota Canal (DMC). Flood
control releases from Friant, up to a maximum of 2,000 cfs, flow into Mendota Pool and are used
to satisfy demands at node 15. Friant flood control releases not needed to satisfy demands at
node 15 are diverted into the Chowchilla Bypass at node 10 to a maximum flow divertion 6,500
cfs. Flows that exceed the Chowchilla bypass capacity of 6,500 cfs pass node 10 and enter
Mendota Pool.

Fresno and Chowchilla Rivers Operations

Hidden and Buchanan Dams on the Fresno and Chowchilla rivers respectively, are operated to
help meet demands at nodes 25 and 35 in conjunction with Madera Canal deliveries. Demands at
these nodes are satisfied using, in order, reservoir spills, Madera Canal deliveries, minimum
groundwater pumping, additional reservoir releases (when available), and additional groundwater
up to maximum pumping levels.

Merced River Operations

Exchequer Dam (Lake McClure) on the Merced River is operated primarily to supply demands
for diversion at node 50. Releases are also made to supply non-project demands at node 55 and
minimum instream flow requirements at nodes 50 and 55. Additional releases are made for flood
control purposes if storage remains above COE flood control levels after all required releases are
made. In some months, releases to meet the instream flow requirements at node 50 are
insufficient to satisfy non-project demands and instream flow requirements further downstream
at node 55. In these cases, SANJASM increases the minimum instream flow requirements at
node 50, up to the inflow into Lake McClure, to provide adequate downstream flow.

Tuolumne River Operations

The Tuolumne River includes two water supply projects; the Hetch Hetchy system in the upper
watershed, and New Don Pedro Reservoir in the lower watershed.

For the simulation of PEIS alternatives, the operation of the Hetch Hetchy system is based on a
simulated operation provided by the City and County of San Francisco, and is represented in
SANJASM by a set of pre-operated inflows to New Don Pedro Reservoir. New Don Pedro
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Reservoir is operated primarily to supply project demands to Modesto and Turlock Lakes, nodes
80 and 85. District demands are met directly from these reservoirs, which are operated to
maintain maximum storage. Releases from New Don Pedro also satisfy non-project demands at
node 90 and minimum instream flow requirements at nodes 70, 75 and 90, if specified.
Additional releases are made for flood control purposes if storage remains above COE flood
control levels after all required releases are made.

Stanislaus River Operations

Flows on the Stanislaus are controlled primarily by New Melones Reservoir, a CVP facility,
represented by node 100 in SANJASM. New Melones Reservoir is operated to provide water for
instream flow, diversion, instream and San Joaquin River water quality, and Bay-Delta inflow
requirements. Releases are made for project demands at node 110, non-project demands at node
115, instream flow requirements at nodes 100, 105, 110, and 115, and water quality requirements
at node 125 on the San Joaquin River. Although SANJASM has the capability to handle
instream flow requirements at all nodes along the Stanislaus River, only node 110 is used in the
PEIS simulations.

SANJASM estimates the water quality on the San Joaquin River upstream of the Stanislaus
confluence to determine if additional water is necessary to attain the Vernalis water quality
standard. If additional water is required, it is released from New Melones Reservoir if available.
Availability is based on the projected water supply for the year and is set at a maximum annual
quantity. The operations of New Melones Reservoir are simulated through a combination of the
SANJASM code and an external processor. A detailed discussion of the computational process
used by the processor is provided in the discussion of the Stanislaus River Water Allocation
Processor in Chapter III.

Calaveras River Operations

New Hogan Reservoir, represented by node 130, is operated to supply both agricultural and M&I
project demands at nodes 135 and 140, and non-project demands at node 140. Node 145 is
primarily a collection point for return flows from Calaveras River diversions and a portion of
Stanislaus River diversions. Releases from New Hogan Reservoir can be also made to satisfy
minimum instream flow requirements at nodes 130 and 140. Additional releases are made for
flood control purposes if storage remains above COE flood control levels after all required
releases are made.

Mokelumne River Operations

The Pardee and Camanche Reservoir system, nodes 170 and 175, is operated primarily to provide
M&I exports to the San Francisco Bay Region, meet downstream water demands, and maintain
downstream water temperature and flow conditions. Because the exports are diverted directly
from Pardee Reservoir (the upstream facility), the system is operated to maximize storage in
Pardee Reservoir to increase supply reliability. Initially, when releases are required to meet
downstream demands, Pardee is kept at maximum storage while releases are made from
Camanche Reservoir storage as needed, until its minimum storage reserve is reached. If
additional water is still needed to meet downstream demands, releases are made from Pardee
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Reservoir as needed until it reaches its minimum storage reserve. If in the rare case that both
reservoirs are at minimum storage reserve and additional flows are needed downstream, releases
are made first from Camanche reservoir until its minimum pool is reached, and then from Pardee
Reservoir until its minimum pool is reache~l.

Deficiencies on Mokelumne River diversions are determined using a deficiency schedule based
on projected end-of-September storage in EBMUD’s reservoir system (including terminal storage
facilities in the East San Francisco Bay Region). This differs from the year type deficiency
schedule used at other nodes. The deficiency levels on Mokelumne River diversions are located
in the MCF.

Cosumnes River Operations

Cosumnes River operations are simulated entirely in an external spreadsheet processor. The
resulting flows are specified as gains at node 185, the single node in SANJASM representing the
Cosumnes River. Operations of the Cosumnes River are described in the discussion of intemal
data processors in Chapter III.

LIMITATIONS ON USE OF MODEL RESULTS

SANJASM is a planning scale simulation model that can be used to analyze the relative surface
water hydrology impacts between alternative operations on the San Joaquin River and its major
tributaries. Because SANJASM is not a detailed operations model, simulation input and output
for a single alternative should not be used as absolute results. Relative impacts between
alternatives can be estimated through a comparison of model input and output.

All simulations in SANJASM, including water quality simulations, are performed on a monthly
time step. Therefore, events which occur in less than one month’s time, such as flood control
operations and pulse reservoir releases, are averaged over the month, and the peak flows
associated with these types of operations cannot be simulated.

SANJASM does not account for travel time in the flow computations. Because travel times of
surface water flows within the San Joaquin Valley are not anticipated to exceed one month, the
surface water flow accounting is assumed to be appropriately simulated on a monthly basis.
Time lags associated with surface water-groundwater interaction which may exceed one month,
are not simulated.

TYPES OF INPUT AND OUTPUT DATA

SANJASM includes the following types of files:

¯ Master Control File (MCF)
¯ input data files
¯ SANJASM executable program
¯ include files
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¯ SANJASM output files
¯ output utilities

The MCF contains the names of the input files to be used in the particular model run and some
key parameters and switches which control the operations of the model. The input data files
contain all of the input data required to run the model. The types of input required in SANJASM
include:

¯ reservoir inflows
¯ stream accretions/depletions
¯ reservoir operations data
¯ West side retum flows
¯ minimum instream flow requirements
¯ project demands
¯ non-project (riparian) demands
¯ minimum and maximum groundwater pumping
¯ delivery deficiency criteria
¯ water year type classifications

Two output files are produced with each model run, a binary output file which contains all of the
output data, and a diagnostics file, which contains diagnostics information about the model run.
Some of the basic output data produced by SANJASM include:

¯ reservoir storage
¯ reservoir releases
¯ stream flows
¯ project and non-project diversions
¯ return flows from applied water
¯ estimated water quality (TDS) at Vernalis

The primary output utilities used to process the SANJASM binary output file are SANVAR and
BALSHEET. SANVAR is used to extract single output variables or combinations of variables
from the binary output file. BALSHEET generates river system balance sheets for each of the
simulated rivers.
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Chapter III

SANJASM APPLICATION TO THE PEIS

DEVELOPMENT OF HYDROLOGY AND DEMANDS

The alternatives evaluated in theDraft PEIS are based on a projected No-Action Alternative in the
year 2022. Model simulations to support these analyses are based on projected hydologic
conditions and demands at a 2020 level of development. For the SANJASM analysis, the
hydologic conditions and demands to represent a 2020 level of development was established
from a 1995 level of development data set, with modifications to reflect land use and water
demand changes projected between 1995 and 2020.

This section describes the hydrologic conditions and demands data compiled by Reclamation to
represent a 1995 level of development, and the changes made to represent a projected 2020 level
of development. A discussion of hydrology for 1995 and 2020 is followed by a discussion of
demands for the 1995 and 2020 levels of development.

DEVELOPMENT OF HYDROLOGY FOR THE 1995 LEVEL OF DEVELOPMENT

Inflows

Monthly reservoir inflows are based on historic inflows, DWR unimpaired flow data with
modifications as necessary to account for upstream reservoir s. Listed below are the sources of
data for the 1995 level of development inflows.

Mokelumne River: Inflows to Pardee Reservoir were provided by EBMUD
Calaveras River: Inflows to New Hogan Lake are based on DWR unimpaired flow data

modified to account for upstream operations.
Stanislaus River: Inflows to New Melones Reservoir are based on Reclamation analysis of

upstream diversions and power 6perations.
Tuolumne River: Operations of the Hetch Hetchy/Cherry/Eleanor system upstream of

Don Pedro Reservoir are not simulated in SANJASM for the Draft PEIS
analyses. Inflows to Don Pedro Reservoir are based on simulated
operations of these facilities provided by the City and County of San
Francisco (Run ID CUR273P). In SANJASM, the inflow to New Don
Pedro Reservoir is represented as a gain to node 70.

Merced River: Inflows to Lake McClure are based on DWR unimpaired flow data
modified to account for upstream operations.

Chowchilla River: Inflows to Eastman Lake are based on DWR unimpaired flow data
modified to account for upstream operations.

Fresno River: Inflows to Hensley Lake are based on DWR unimpaired flow data
modified to account for upstream operations.

San Joaquin River: Inflows to Millerton Lake are based on Reclamation studies plus historic
inflow since 1960.
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James Bypass: Inflows to Mendota Pool from James Bypass are based on data from the
DWR Depletion Model, modified by Reclamation based on COE data.

Gains

In SANJASM, gains represent the total accretions and depletions to stream flows between two
locations that would result from a variety of sources. These include local runoff, return flows
from applied water not explicitly accounted for in SANJASM, and stream flow interaction with
groundwater.

The 1995 level gains were developed using data from a variety of sources, including recent
stream flow gage measurements, estimated base flows, estimates of recent historic diversions,
and estimates of surface water return flows. Stream gains for most nodes were developed using a         ~
two step process. First, a set of calculated gains was computed for a recent historic period,
generally between 1968 and 1992. These gains were computed by subtracting upstream gage
flows from downstream gage flows, adding diversions, and subtracting return flows.

Next, a set of simulated gains for the entire simulation period (1922-1992) was developed to
approximately replicate the calculated gains computed in the first step. The simulated gains were
developed using estimated base flows, loss factors, and runoff contribution factors. The base
flow component represents a year-round flow contribution due to components such as
groundwater inter~i~-ti~~-The loss factor represents an estimate of the fraction of the flow in the
river which is lost to evaporation, percolation, evapotranspiration, etc. The runoff contribution
factor is used to estimate the contribution to stream flow due to local runoff. To estimate this
runoff contribution, the unimpaired flow on the Chowchilla River is multiplied by an estimated
runoff factor. Flows on the Chowchilla River were selected to represent local runoff conditions
in the San Joaquin Valley because the majority of the flows in this river results from rainfall
runoff, not snowmelt, and because data are available for the entire study period.

The simulated gains are used in all 1995 level of development SANJASM runs. These gains also
serve as the base gains (starting point) for the development of estimated gains at the 2020 level of
development. The following formulas were used to develop the 1995 level gains at specific
SANJASM nodes. Where applicable, the formulas used to develop both the calculated gains
computed in the first step and the simulated gains computed in the second step are provided.

Node 10. The gains at this node apply to the reach of the San Joaquin River between Friant Dam
and the Chowchilla Bypass, and were calculated using the following equation:

+ San Joaquin River above the Chowchilla Bypass
- San Joaquin River below Friant Dam
+ Average historic diversions

Because data for the flow in the Chowchilla Bypass was available for the period 1976-1987,
accretions for the remaining period were estimated using the monthly average.

Releases from Friant Dam are made to satisfy riparian water rights between Friant Dam and
Gravelly Ford, and include releases to maintain adequate flow past diversion points. Historically,
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during non-flood conditions, all flow past the diversion points has been lost due to percolation
between Gravelly Ford and Mendota Pool, resulting in zero flow at the Chowchilla Bypass.
Therefore, the gains at node 10 were developed to deplete remaining flows in the river at node 10
and do not represent the large losses which have occurred historically during high flow
conditions between Gravelly Ford and the Chowchilla Bypass.

Node 37. Gains at this node apply to the San Joaquin River between Mendota Pool and the
Merced River confluence. The calculated gains for this reach for the historical period from 1987-
1990 were computed using the following components:

+ San Joaquin River flows at Newman
- Irrigation return flows
- Mud and Salt Slough flows
- Merced River flows at Stevinson

(Note: Newman is located downstream of Merced River confluence)

Simulated gains for the 1922-1992 simulation period were developed using the following
components:

+ Estimated base gain
- Estimated loss factor * (irrigation return flows + Mud and Salt Slough flows)
+ Estimated runoff factor * Chowchilla River unimpaired flows

No explicit calculations were made for losses occurring below nodes 25 and 35 (Chowchilla and
Fresno Rivers). The lower reaches of these rivers are currently and were probably historically
ephemeral and only flow during high runoffor flood conditions. In SANJASM, nodes 25 and 35
do not have gains and are only operated for project demands; flood spills are passed to node 37
without losses.

Node 50. The gains at node 50 are based on estimated local flows between Lake McClure and
the Crocker Huffman Diversion point. These estimated gains are the same for years with similar
hydrologic conditions.

Node 55. Gains at this node apply to the Merced River between Merced ID’s main diversion
and the mouth of the river. Calculated gains for this reach for the historical period between
1968-1990 were computed using the following components:

+ Merced River flow at Stevinson
Irrigation return flows between Merced Falls Dam and Stevinson

+ Project Diversions
Merced River flow below Merced Falls Dam

+ Non-Project diversions
Simulated gains for the 1922-1992 simulation period were developed using the following
components:

+ Estimated runoff factor * Chowchilla River unimpaired flows
+ Estimated base gain (varies between irrigation and non-irrigation season)

Estimated loss factor * simulated stream flow Merced Falls Dam
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(base conditions SANJASM run)

Node 70. Gains to node 70 represent inflows to Don Pedro Reservoir. See "Inflows" above.

Node 90. Gains at this node apply to the Tuolumne River between La Grange Dam and the
mouth of the river. Calculated gains for this reach for the historical period between 1972-1992
were computed using the following components:

+ Tuolumne River flows at Modesto
- Irrigation return flows between La Grange and Modesto
- Tuolumne River flows below La Grange
+ Diversions from the Tuolumne River between La Grange and Modesto

Simulated gains for the 1922-1992 simulation period were developed using the following
components:

+ Estimated runoff factor * Chowchilla River unimpaired flows
+ Estimated base gain (varies between year types)

Node 95. Gains at this node apply to the San Joaquin River between the Merced and Tuolumne
rivers. Calculated gains for this reach for the historical period between 1968-1990 were
computed using the following components:

+ San Joaquin River flows at Maze Road
- Irrigation return flows between Newman and Maze Road
- Tuolumne River flows at Modesto
- San Joaquin River flows at Newman
+ Diversions from the San Joaquin River between Newman and Maze Road

(Note: Maze Road is downstream of Tuolumne River confluence)

Simulated gains for the 1922-1992 simulation period were computed using the following
components:

+ Estimated base gain
Estimated loss factor * Simulated San Joaquin River flows at Newman from a
1995 level of development SANJASM run
Estimated runoff factor * Chowchilla River unimpaired flows * Routing
coefficient used to adjust timing of flows

Node 105. These accretions were taken from the Reclamation model of the Stanislaus River.
Gains were calculated as approximately 20 percent of the flow in the Calaveras River at Jenny
Lind.

Node 110. These accretions were taken from the Reclamation model oft he Stanislaus River.
Gains were calculated as approximately 1.4 percent of the flow in the Calaveras River at Jenny
Lind.
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Node 115. Local monthly accretions to the Stanislaus River between Goodwin Dam and Ripon
have historically been very low. A constant monthly gain of 5,000 acre-feet was used at node
115.

Node 120. Gains at this node apply to the San Joaquin River between the Tuolumne and
Stanislaus rivers. Calculated gains for this reach for the historical period between 1968-1991
were computed using the following components:

+ San Joaquin River flows at Vemalis
Irrigation Retum flows between Maze Road and Vemalis
Stanislaus River flows at Ripon
San Joaquin River flows at Maze Road

+ Diversions between Maze Road and Vemalis

Simulated gains for the 1922-1992 simulation period were developed using the following
components:

+ Estimated base gain
Estimated loss factor * Simulated San Joaquin River flows at Maze Road from a
1995 level of development SANJASM run
Estimated runoff factor * Chowchilla River unimpaired flows * Routing
coefficient used to adjust timing of flows

Node 140. Accretions on the Calaveras River at node 140 were estimated using hydrologic
estimating methods incorporating the basin inflow and drainage area. These accretions were
modified to account for the losses which occur in the distribution system serving the project
demands at nodes 135 and 140.

Node 175. Gains at node 175 represent local inflow into Camanche Reservoir. This data was
provided by the East Bay Municipal Utility District (EBMUD).

Node 180. Gains at node 180 were provided by the EBMUD.

Node 185. Gains at node 185 represent flows on the Cosumnes River. These gains are
described with the description of the simulation of Cosumnes River operations in a subsequent
section of this chapter.

West Side Return Flows

West side retum flows to the San Joaquin River originate from both irrigation and refuge water
applied along the west side of the San Joaquin Valley and flow from small west side tributaries.
The sources of the water applied along the west side include deliveries of surface water from the
DMC and groundwater that may be pumped in the region. The return flows often contain high
concentrations of total dissolved solids, (TDS) and contribute to the water quality problems in
the San Joaquin River. The quantity and quality of the west side return flows affect the water
quality in the San Joaquin River as measured at Vernalis, and therefore affect the quantity of
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water which must be released from New Melones Reservoir to maintain water quality conditions
at Vernalis.

In SANJASM, west side return flows enter the San Joaquin River at nodes 37, 40, 95, 120, and
125. The total quantity of west Side return flows at these nodes in each month is used in the
computation of the water quality in the San Joaquin River at Vernalis.

The west side return flows were developed using DMC delivery data from a preliminary 1995
level of development PROSIM run, estimated return flow proportions, estimated base flows, and
estimated local runoff factors. The locations of service areas served at each PROSIM node
along the DMC were reviewed to estimate the portion of the applied surface water that would
contribute to west side returns, and the SANJASM node to which these flows would return.
These components were used to develop the initial relationship between DMC surface water
deliveries and west side returns. As described in a later section, total applied water (ground and
surface) approach was used to modify the west side returns at projected 2020 conditions.

Mud and Salt sloughs collect return flows from agricultural lands on the west side of the San
Joaquin Valley and convey these flows to the San Joaquin River, entering upstream of the
Merced River confluence, at approximately SANJASM node 37. A regression equation was
developed based on recent historic flows in Mud and Salt sloughs. The components of the
regression include an estimated base flow, return flow percentages, an estimated local runoff
contribution, and an estimated March refuge release. The base flow component are indicative of
the estimated flow in the slough throughout the year. The return flow percentage is the estimated
fraction of the deliveries to the area which drain to Mud and Salt sloughs. The local runoff
contribution is based on unimpaired flows in the Chowchilla River, because these flows are
indicative of rainfall runoff. A March refuge release was used to account for the releases made
by local refuges and duck clubs which drain wildlife habitat ponds in the Spring. This regression
produces the west side retum flows to node 37.

The same retum flow percentages used to estimate west side return flows to node 37 were used
to estimate west side return flows to nodes 40, 95, 120, and 125. No base flows, local runoff, or
refuge releases were included for nodes 40, 95, 120, and 125.

Flood Control Rules

The flood control criteria simulated in SANJASM are based on the Corps of Engineers water
control manuals for the reservoirs.

Minimum Instream Flow Requirements

The minimum instream flow requirements used in SANJASM at the 1995 level represent the
current legally required minimum flows, or the current operational minimum instream fishery
flows if they are greater. The minimum instream flows used for the 1995 level are:

Merced River: Flows specified in 1964 Federal Energy Regulatory Commission
(FERC) and Davis-Grunsky flow requirements

Tuolumne River: Flows specified in 1964 FERC requirements
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Stanislaus River: D-1422 flow requirements (98,300 acre-feet/yr)
Calaveras River: No current minimum flow requirements
M0kelumne River: Minimum flows proposed in EBMUD Lower Mokelumne River

Management Plan

DEVELOPMENT OF HYDROLOGY FOR THE 2020 LEVEL OF DEVELOPMENT

Inflows

The following changes were made to the 1995 level of development inflows to develop the
hydrology for a projected 2020 level of development.

Mokelumne River: Inflows to Pardee Reservoir were modified to account for changes in
upstream operations. Data provided by EBMUD.

Calaveras River: Inflows to New Hogan Reservoir were modified to account for changes
in upstream operations based on DWR Bulletin 160-93.

Stanislaus River: Inflows to New Melones Reservoir were reduced by 6,000 acre-feet
annually, to account for the estimated increase in upstream demand
reported in DWR Bulletin 160-93.

Tuolumne River: Inflows to New Don Pedro Reservoir was based on 2010 level
operations of the Hetch Hetchy/Cherry/Eleanor provided by the City
and County of San Francisco. (Run ID CUR293P)

Merced River:             DWR Bulletin 160-93 indicates no projected change to
upstream conditions. Therefore, 1995 level of development
inflows were used for the projected 2020 level of development.

Chowchilla River: DWR Bulletin 160-93 indicates no projected change to upstream
conditions. Therefore, 1995 level of development inflows were used
for the projected 2020 level of development.

Fresno River: DWR Bulletin 160-93 indicates no projected change to upstream
conditions. Therefore, 1995 level of development inflows were used
for the projected 2020 level of development.

San Joaquin River: DWR Bulletin 160-93 indicatesno projected change to upstream
conditions. Therefore, 1995 level of development inflows were used
for the projected 2020 level of development.

.lames Bypass: DWR Bulletin 160-93 indicates no projected change to
upstream conditions. Therefore, 1995 level of development
inflows were used for the projected 2020 level of development.

Gains

The SANJASM gains input file represents accretions or depletions to stream flow from several
components, including return flow from areas that use groundwater exclusively, stream
groundwater interaction, and local runoff. Return flows from areas that receive surface water
deliveries are handled explicitly in the model. The gains in SANJASM are not simulated
dynamically with changing groundwater conditions, and must be updated to represent changes in
groundwater use, changes in surface groundwater interaction, or changes in runoff. The gains
were updated to establish the 2020 level of development and were also updated as part of the
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analysis of the Draft PEIS altematives. For the Draft PEIS, a process was developed to update
the SANJASM stream gains using output data from CVGSM.

CVGSM computes the accretions/depletions to a stream due to groundwater interaction, local
runoff, and returns from applied water. These gains are computed dynamically as groundwater
and surface runoff conditions vary throughout the simulation period. The incremental changes in
CVGSM gains between model iterations were applied to the base SANJASM gains to develop
the revised set of SANJASM gains.

Stream gains are calculated by CVGSM for reaches along each stream. These reaches were
aggregated to appropriate SANJASM nodes. For each month of the simulation period, the
change in total stream gains between successive CVGSM runs was used to adjust the gains at
each corresponding SANJASM node. This process was repeated with each model iteration,
adding successive changes in CVGSM gains to the SANJASM gains used in the previous model
iteration. The process continued with each model iteration until little or no change in gains
between successive CVGSM runs occurred, indicating a relative balance between the ground-
and surface water conditions. This methodology for updating stream gains was developed to
account for changing groundwater and land use conditions as simply as possible. The same
factors which influence the development of the 1995 level gains, such as the complexity of the
system, the availability of data, and modeling assumptions apply to the development of the 2020
level gains.

Two processors were used to update the SANJASM gains file. The first is a FORTRAN
program which consolidates the CVGSM stream detail output file. It sums all of the
contributions to total stream gains, and aggregates the total stream gains for the individual
reaches into groups which contribute to a single SANJASM node. The output from this program
is a consolidated set of CVGSM stream gains. The second processor is a spreadsheet which
compares consolidated CVGSM stream gains files from two successive runs. The difference in
gains between successive CVGSM runs is applied to the gains at the corresponding SANJASM
node.

This approach was used during the modeling iterations in the analysis of the PEIS altematives.
Exceptions are noted in the section "SANJASM Modeling Process for PEIS Alternatives."

West Side Return Flows

The regression used to estimate west side return flows for the 1995 base condition was based on
DMC surface water deliveries only. This approach was expanded to include a total applied water
approach to estimate west side return flows for the 2020 level of development and the Draft PEIS
alternatives. The total applied water approach accounts for changes in both surface water and
groundwater use.

The estimate of total applied water from CVGSM for subregion 10 (west side San Joaquin
Valley) includes applied water from surface and groundwater sources for both agricultural and
refuge purposes. For each model iteration, the PROSIM DMC deliveries used in the
development of the 1995 level west side return flows were adjusted by the annual percentage
change in total applied water between CVGSM model iterations. The adjusted DMC deliveries
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were used in the regression, resulting in adjusted west side returns. Because it is primarily the
fall and winter refuge deliveries that are used to flood refuges and released in the spring, the
percentage change in average November through February refuge deliveries was applied to the
March refuge release.

This same procedure was used to modify the west side returns for the 2020 level of development
and for all iterations during the modeling process.

Flood Control Rules

No changes were made to the flood control rules used for the 1995 level of development.

Minimum Instream Flow Requirements

The minimum instream flow requirements at the 2020 level of development and for each of the
alternatives varies according to the objectives of the alternative. Instream flows for the PEIS
alternatives are discussed below in the description of the simulation of alternatives.

DEVELOPMENT OF DEMANDS FOR THE 1995 LEVEL OF DEVELOPMENT

Project Demands

Most project demands for the 1995 level of development were developed to replicate recent
historic deliveries. The exceptions are as noted:

Node 5. Releases to the Friant-Kern and Madera canals from Friant Dam are estimated using a
regression relationship based on storage, inflows, and recent historic deliveries.

Node 15. Deliveries from Mendota Pool simulated by PROSIM are used as the SANJASM
project demand time series at this node. This ensures that the Mendota Pool deliveries and the
return flows from these deliveries are simulated in SANJASM.

Nodes 135 & 140o Project demands at these nodes were provided by the Stockton East
Water District (SEWD).

Node 155. Project demands at this node are deliveries to the CVP contracts on the Stanislaus
River. The deliveries are calculated using an external processor based on the availability of
water. (See descriptions of CVP contracts below and the Stanislaus River Water Allocation
Processor.)

Nodes 110, t50, & 165. Project demands at these nodes are based on water rights pursuant to
the Agreement and Stipulation between OID/SSJID and Reclamation dated August 1988.

Nodes 170, 179, & 180. Project demands at these nodes were provided by EBMUD.
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Non-Project Demands

Most non-project demands for the 1995 level of development were developed to replicate recent
historic deliveries. The exceptions are as noted:

Node 140. The non-project demand at this node provided by SEWD.

Node 180. The non-project demand at this node provided by EBMUD

Refuge Demands

Deliveries to all refuges in the San Joaquin Basin except for the Merced NWR and the East Gallo
Unit are handled in PROSIM. No deliveries are made to the East Gallo Unit in the 1995 level of
development. Merced National Wildlife Refuge (NWR) demands are based on the 1992 Refuge
Water Supply Study (Reclamation). At the 1995 level, however, the demand is met entirely with
groundwater and is included in CVGSM groundwater pumping estimates for the region.

CVP Contracts

CVP contracts on the Stanislaus River include a long-term contract for 49,000 acre-feet based on
a firm water supply, and two long-term contracts based on an interim water supply which total
106,000 acre-feet. In the PEIS analyses, only the firm portion of these contracts is simulated
explicitly in SANJASM. After water on the Stanislaus River is allocated to a variety of
purposes, the final SANJASM output is assessed for opportunities to deliver water pursuant to
the contracts based on the interim water supply.

Simulated diversions to the Friant-Kern and Madera canals are determined using a multi-
variable regression based on historical practices. The analysis in SANJASM is limited to
releases from Millerton Lake to the Madera Friant-Kem canals. The operation of these canals is
not simulated in SANJASM.

Deficiencies

Deficiencies are applied to demand quantities on a water year-type basis. The deficiencies were
developed to replicate the surface water diversions that have occurred historically in response to
variable hydrologic conditions.

Groundwater Pumping

Groundwater pumping estimates were developed based on recent historic pumping levels. As
described in Chapter 2, demands are met first with minimum groundwater pumping, surface
water deliveries, and additional groundwater pumping, if needed and if available. The assumed
quantities of groundwater pumping estimated by SANJASM is held constant throughout the
alternatives
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DEVELOPMENT OF DEMANDS FOR THE 2020 LEVEL OF DEVELOPMENT

Project Demands

Most project demands for the 2020 level of development do not change from 1995. The
exceptions are as noted:

Node 15. The same methodology used in developing the 1995 level of development is used in
the 2020 level and all Draft PEIS alternatives. The deliveries from Mendota Pool simulated by
PROSIM are used as the SANJASM project demand time series at this node.

Node 50. Merced ID demands are reduced by 20,000 acre-feet to account for delivery of
15,000 acre-feet to the Merced NWR (see Refuge Demands below). The additional 5,000
acre-feet is to account for conveyance losses.

Node 80. According to projections of future demands, the M&I water requirements for the
City of Modesto will increase to 89,000 acre-feet by the year 2020. To reduce the burden on
groundwater supplies, the study recommends limiting groundwater pumping to 40,000 acre-feet
per year. The remaining 49,000 acre-feet of demand is assumed to be met using surface water
supplies from Modesto ID. To simulate this demand shift in SANJASM, 49,000 acre-feet of
agricultural diversions at node 80 (Modesto ID) are shifted to an M&I delivery at the same node
(City of Modesto). The M&I deliveries are subject to the same deficiencies as the agricultural
deliveries but are delivered on an M&I pattern.

NoNe 155. The same methodology used in developing the 1995 level of development is used in
the 2020 level and all PEIS alternatives. The CVP contract deliveries at this node are calculated
using an external processor based on the availability of water. (See descriptions of CVP
contracts below and the Stanislaus River Water Allocation Processor.)

Nodes 170 and 179. Project demands at these nodes increased from the 1995 level of
development. The changes in project demands were provided by EBMUD.

Non-Project Demands

Non-project demands do not change for the 2020 level of development.

Refuge Demands

As part of Merced ID’s FERC license, 15,000 acre-feet of water must be provided to Merced
NWR. To account for losses from the diversion point to the refuge, an additional 5,000 acre-feet
is added to the total diversion amount, for a total diversion requirement of 20,000 acre-feet. It is
assumed that the diversion point for the refuge delivery is the same as the diversion point for the
Merced ID irrigation diversion. Because SANJASM does not have the capability to explicitly
handle refuge demands; the M&I demand component at node 50 (previously unused) is used to
represent the Merced NWR demand. The efficiency values have been adjusted to eliminate any
return flows from this delivery because releases from the refuge would enter the Eastside Bypass
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and would be lost to percolation. The full refuge delivery amount is delivered in all years,
regardless of the deficiencies applied towards Merced ID.

This methodology is applied to the delivery of level 2 and level 4 refuge water supply in the PEIS
alternatives.

CVP Contracts

CVP contract quantities do not change for the 2020 level of development.

Deficiencies

The deficiency on agricultural deliveries to Merced ID in critical year types was increased
slightly. This reductioi’i was necessary as a result of diverting a firm 20,000 acre-feet to Merced
NWR. All other deficiency levels remain the same as the 1995 level Of development.

Groundwater Pumping

Minimum and maximum groundwater pumping estimates do not change for the 2020 level of
development. Hydrologic changes due to return flows and surface water-groundwater interaction
as computed by CVGSM are represented in the gains adjustment process.

CODE MODIFICATIONS

This section describes modifications to the SANJASM FORTRAN code. It includes a
description of changes made since September 1993 as well as changes made specifically to
support the PEIS analysis.

MODIFICATIONS MADE SINCE SEPTEMBER 1993

Several modifications have been made to SANJASM since the last update to the documentation
in September 1993. The first is the addition of node 179 on the Mokelumne River. This node
was added to account for the demands of the North San Joaquin Irrigation District (NSJID). The
other major modification is the addition of the Cosumnes River. Although SANJASM does not
operate any reservoirs on the Cosumnes River, the addition of node 185 allows the input of pre-
operated flows to be included in the model.

MODIFICATIONS FOR THE PEIS

In order to simulate the required actions in the PEIS altematives, several capabilities were added
to SANJASM. The modifications to the code to add these capabilities are described below.

Vernalis Water Quality Calculation

The water quality calculation in the pre-PEIS version of SANJASM was performed using a
formula developed by the State Water Resources Control Board (SWRCB). The formula
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estimated the water quality in TDS for the San Joaquin River just upstream of the Stanislaus
River confluence. This calculated water quality was used along with the flow and assumed water
quality on the Stanislaus River to compute the water quality at Vernalis, using a mass balance
approach. The formula developed by the SWRCB is a regression on historic data from 1981-
1985, based on the total flow in the San Joaquin River upstream of the Stanislaus River.
Generally, the formula estimates poor water quality for low flows and good water quality for high
flows. However, the water quality associated with separate sources of water upstream of the
Stanislaus River are not considered.

The alternatives considered in the Draft PEIS involve changes in flow in the Merced, Tuolumne,
and Stanislaus rivers, and changes in surface water deliveries to irrigation water users and
wildlife refuges in the San Joaquin Valley. This would change the proportion of flow in the San
Joaquin River resulting from tributary flows or from irrigation and refuge returns. The continued
use of the SWRCB regression equation would not account for the effect of these changes on
water quality

A revised regression was developed to separately account for the portions of the flow in the San
Joaquin River that results from river sources and from west side returns. The water quality at
Vernalis is estimated using a mass balance approach. The quantity and assumed quality of San
Joaquin river flow (excepting west side return flows) is blended with the quantity and assumed
quality of the west side return flows to estimate the water quality at Vernalis. Separate
regressions are used for the irrigation and non-irrigation seasons.

quality and quantity from three sources: San Joaquin river and tributary flows upstream of the
confluence of the Stanislaus River, west side return flows, and the Stanislaus River. The mass
balance is used to compute additional releases required from New Melones

Time Series Instream Flow Capability

To facilitate use of the Stanislaus water allocation processor (discussed in the following section)
and water acquisition on all streams, the code was modified to accept input of a total instream
flow time series. This feature allows the user to choose between a year-type basedinstream flow
requirement, or a time series input of total instream flow requirements. The time series may
contain flow components for multiple purposes.

PRE-AND POST-PROCESSORS

Some of the input to SANJASM must be pre-processed before it can be used. A set of
processors were developed to simulate specific objectives of the Draft PEIS alternatives, and to
facilitate the integrated modeling process developed for the Draft PEIS. All of the processors
developed for the Draft PEIS are integrated into the modeling process and should be considered a
part of the model.
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The SANJASM processors can be divided into two categories; those used to process output
provided by other models (external processors), and those that process intermediate results within
a SANJASM model run (internal processors).

Up to four input files may be pre-processed for each modeling iteration. These include gains,
west side returns, project demand time series, and minimum instream flow requirement time
series files. It should be noted that the instream release time series files developed through the
SANJASM processors do not necessarily represent regulatory flow requirements alone.
Generally, the regulatory flow requirement, or target flow is supplemented by additional
components to achieve multiple objectives. The minimum instream flow time series files are
used to represent the combined flow objectives as specified locations for the purpose of model
simulations. The external and internal processors that are used to update the SANJASM input
files are described in the following sections.

EXTERNAL PROCESSORS

To maintain consxstency, and to account for changes in simulated hydrologic conditions, the
hydrology models used in the PEIS share model input values and output results. For each
modeling iteration, SANJASM input files are updated using output from PROSIM and CVGSM.

Gains Modification

The gains processor consists of a FORTAN program that consolidates and aggregates CVGSM
gains values to SANJASM nodes, and a spreadsheet that creates an updated SANJASM gains
file. The use of the gains processors is described in the Development of Hydrology and Demands
for the 1995 and 2020 Levels.

West Side Returns

The west side returns processor consists of two spreadsheets that use CVGSM applied water
information to create a modified west side return flow file. The first spreadsheet modifies the
DMC deliveries to the west side of the San Joaquin Valley based on the change in the total
applied water to the region. The second spreadsheet uses these modified deliveries in a
regression to determine return flows from the deliveries. The use of the west side return
processor is described in the Development of Hydrology and Demands.

INTERNAL PROCESSORS

Stanislaus River Water Allocation Processor

The Stanislaus River water allocation processor is used to allocate available Stanislaus River
water for the purposes of maintaining water quality conditions at Vernalis, Bay/Delta Plan
Accord-pulse flows, and delivery to CVP contractors. The processor is used interactively with
SANJASM code simulations, and is affected by the operations of New Melones Reservoir.
Water is released from New Melones Reservoir for water rights, instream flow, water quality,
Bay-Delta Plan Accord, and CVP contract obligations to the extent possible. A summary of each
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of these operating objectives and how they are simulated in the modeling of Draft PEIS
alternatives is described below.

Diversion Water Rights. The largest diversion water rights on the Stanislaus River are held
jointly by Oakdale Irrigation District (OID) and South San Joaquin Irrigation District (SSJID). A
1988 Agreement and Stipulation between OID/SSJID and Reclamation obligates Reclamation to
deliver to the districts, in recognition of their water rights, up to 600,000 acre-feet per year when
inflows are equal to or exceed 600,00 acre-feet per year. In years when the inflow to New
Melones is less than 600,000 acre-feet, the districts are entitled to the entire inflow plus one-third
of the difference between the inflow and 600,000 acre feet. These demands are diverted from the
Stanislaus River at Goodwin Dam. Additional water rights obligations include 48,000 acre-feet
of riparian water rights along the Stanislaus River below Goodwin Dam which is represented in
SANJASM as a non-project demand. Instream water rights have the highest priority in the
allocation of Stanislaus River water.

Instream Flow Requirements. The release of water for instream flows from New Melones
Reservoir for the preservation of fish and wildlife is a permit obligation of the project. D-1422
specifies that up to 98,000 acre-feet of water is obligated annually for instream fish and wildlife
purposes on a pattern to be determined by DFG. This flow requirement was superseded by a
1987 interim agreement between Reclamation and DFG to study a range of flows from 98,300 to
302,000 acre-feet. In May 1993, the Service released study results recommending a revision in
the quantity and pattern of the Stanislaus River minimum flow requirements, increasing the
minimum flow from 98,000 to a recommended 155,700 acre-feet per year. This revised flow
recommendation is used in non-critical years for the No-Action Alternative and Altematives 1
through 4. Because hydrologic conditions limit the release of 155,700 acre-feet in all years,
98,000 acre-feet is released in critical years on a pattern reflective of recent DFG
recommendations. In the SANJASM simulation, instream flow requirements are second in
priority to diversion water rights.

Water Quality Requirements. New Melones Reservoir is operated in SANJASM to attempt
to satisfy two water quality requirements; an instream dissolved oxygen (DO) requirement on the
Stanislaus River at Ripon, and a total dissolved solids (TDS) water quality requirement on the
San Joaquin River at Vemalis. A DO requirement of 5 mg/1 on the Stanislaus River was
established under D-1422’, and has since been revised to 7 rag/1 in the San Joaquin Basin Water
Quality Control Plan. Although a specific relationship has not been established between flow
and DO, the minimum flows required to meet the DO requirements have been estimated based on
recent reservoir operations. For the purposes of the SANJASM analyses, these flow
requirements are combined with the fish and wildlife instream flow requirement to form a
composite minimum instream flow, on the Stanislaus River.

D-1422 established a water quality requirement to maintain the average monthly concentration of
TDS in the San Joaquin River near Vemalis at 500 ppm in all months. This requirement was
revised under SWRCB Water Rights Order WR 95-06 to 0.7 mmhos/cm EC (approximately 455
ppm TDS) for the irrigation season from April to August, and 1.0 mmhos/cm EC (approximately
650 ppm TDS) for the non-irrigation season from September to March. New Melones is
operated in SANJASM and in the Stanislaus River water allocation processor to attempt to meet
these requirements. Because sufficient water supplies are not available to meet the Vemalis
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water quality requirement in all years, a storage plus inflow threshold is used in SANJASM to
establish the maximum annual quantity of water to be released for water quality purposes. In
years when the end of February storage plus projected inflows to New Melones through the end
of the water year is below the threshold, the releases are limited to a lower tier water quality
release. In years when the storage plus inflow is greater than the threshold, the maximum release
is limited to a higher tier water quality release. The lower and upper tiers for water quality
releases are adjusted in each PEIS alternative.

Bay-Delta Plan Accord Flow Requirements. The May 1995 Bay-Delta Water quality
Control Plan specifies water quality and flow requirements on the San Joaquin River at Vernalis.
The water quality requirement is identical to the irrigation season and non-irrigation season TDS
requirements described above. In the PEIS analyses, water is released from New Melones
Reservoir for Bay-Delta Plan flow requirements only in years when water quality requirements
are met in all months. The flow requirements in the Bay-Delta Plan are specified by water year
type and according to the required X2 (2 parts per thousand TDS isohaline) location in the Delta.

CVP Contracts. CVP contract obligations on the Stanislaus River include two types of long
term contracts, based on firm and interim water supplies. Contract obligations based on a firm
water supply total 49,000 acre-feet are partially or fully met in years when all of the obligations
described above are fully met. Deficiencies are applied based on a storage and inflow
relationship. Contract obligations based on interim water supplies total 106,000 acre-feet and are
delivered on an "as available" basis. At the completion of each alternative simulation, Stanislaus
River flows are reviewed to identify opportunities for delivery of water pursuant to interim CVP
contracts.

Processor Operation. The operation of the Stanislaus River water allocation processor
involves a multi-step process, including an initial SANJASM run, a spreadsheet reoperation of
New Melones Reservoir, and a final SANJASM Run, as shown in Figure III-1. Only Stanislaus
River operations change between the initial and final run; the operations of all other rivers
simulated in SANJASM remain the same.

In the initial SANJASM run, all diversion water rights and minimum instream flows (including
DO requirements if applicable) are satisfied. These requirements do not change between initial
and final runs. The water quality release in the initial run is limited to a maximum annual
quantity. No attempt is made to meet Bay/Delta flow needs or to deliver to CVP contractors in
the initial run.

Output from the initial run is input to the Stanislaus River water allocation processor, which
reoperates New Melones Reservoir and allocates available water for Bay-Delta Plan Accord
flows, supplemental instream flows, Vernalis water quality, and CVP deliveries. The user
specifies the maximum annual quantity to be allocated to each purpose. Five deficiency levels
are defined based on the February end-of-month storage in New Melones plus projected March
through September inflows. For each deficiency level, the user specifies the percent deficiency
to be applied to the maximum annual quantity. The processor computes the quantity to be
released or delivered each year.
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Start     ~

INITIAL SANJASM RUN

¯ Release Water From New Melones Reservoir for Water
Rights, Minimum Instream Flows, and Stanislaus River D.O.

¯ Release Water From New Melones Reservoir for Water
Quality at Vernalis, up to a Maximum Annual Quantity

STANISLAUS RIVER WATER ALLOCATION PROCESSOR

¯Allocate Water From New Melones Reservoir for Bay-Delta
Water Quality and Flow Requirements at Vernalis

¯ Allocate Water From New Melones Reservoir for Delivery to
CVP Contracts From The Stanislaus River

¯ Produces Time Series Input Files of Instream Flows Below
Goodwin Dam and CVP Contract Deliveries

SECOND SANJASM RUN

¯ Use Instream Flow and Contract Delivery Time Series Input
Files Generated by Processor

I I~ No ~Objectives and MinimumRevise Water Allocation I~

’~~age Criteria

Yes

End

FIGURE II1-1

STANISLAUS RIVER WATER ALLOCATION PROCESS
FOR THE NO-ACTION ALTERNATIVE
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The limiting operational criteria on the allocation of available water on the Stanislaus River is
minimum New Melones Storage. Maximum annual quantities and deficiencies are adjusted in
the analysis of PEIS alternatives series that New Melones Reservoir storage would not drop
below approximately 80,000 acre-feet, the minimum observed storage of record. Output from
the processor includes a contract delivery time series and a minimum instream flow time series.
The minimum instream flow time series is a composite of release requirements to satisfy
instream flows, maintain water quality on the Stanislaus River at Ripon and on the San Joaquin
River at Vernalis to the extent possible, and provide water for Bay-Delta Plan Accord pulse
flows.

A final SANJASM model run is made with the modified time series to incorporate the revised
New Melones operations with the San Joaquin River system. The results are reviewed to
confirm in a given year: water quality conditions are maintained before water is allocated to Bay-
Delta pulse flows, and that both of these objectives are met before water is allocated to CVP
contracts. If the results of the final SANJASM run do not reflect this priority, the pre-processed
time series is modified to eliminate Bay-Delta Plan flow releases in years when water quality
compliance is not attained, and eliminate CVP contract deliveries in years when both water
quality and Bay-Delta Plan flow compliance are not attained. SANJASM is re-run with the
modified time series and further adjusted until the system is in balance and allocates water in
accordance with the operational priorities.

Cosumnes River Operations Spreadsheet

Cosumnes River spreadsheet operations were developed using recent historical data. Inflows,
diversions, return flows, and losses were established to simulate recent historic operations, from
1977 to 1994. Inflows to Jenkinson Lake (approximate capacity of 40,000 acre-feet), the primary
regulating facility on the Cosumnes River, are estimated as a percentage of the unimpaired flow
on the Cosumnes River. Diversions from the lake are estimated as 10,300 acre-feet plus 27
percent of February end of month storage plus 0.4 percent of the unimpaired flows. A 1 cfs
release is made from Jenkinson Lake for fish and wildlife purposes.

The spreadsheet includes estimates of non-project diversions downstream of Jenkinson Lake
based on historical quantities, and estimates diversions to M&I uses based on demand data
supplied by the M&I users. A 20 percent return factor on non-project diversions, and a 20
percent stream flow depletion along the reach from Michigan Bar to McConnell provide a
relatively good estimate of flows at McConnell as compared to historic data. The operating
criteria developed for the comparison period from 1977 to 1994 were applied to the entire
simulation period from 1922 to 1992. These operating criteria are assumed to remain constant
between the 1995 and 2020 level of development except for M&I deliveries, which are projected
to increase from approximately 3,000 acre-feet to approximately 5,000 acre-feet per year.

(bI(2) Water Management Processor

In Alternatives 1 through 4, New Melones reservoir is reoperated to attempt to meet target
instream flows on the Stanislaus River (b)(1)/(b)(2). Water is also dedicated from CVP contract
deliveries to help meet these goals in accordance with CVPIA Section 3406 (b)(2). A
spreadsheet processor is used to develop operations for these conditions.
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The post-processing operation for the use of (b)(2) water on the Stanislaus River requires
multiple steps and iterations, as shown on Figure III-2. The (b)(2) process is based on the
Stanislaus River water allocation processor, and include additional steps to account for the use of
CVP water toward meeting instream flow targets. The (b)(2) spreadsheet is first used to develop
a revised instream flow requirement on the Stanislaus River for input to SANJASM based on the
target flows. Preliminary runs indicated that the target flows could be met, except during April-
June in all but critical dry years. Therefore the April-June flow targets were reduced for the
initial ran. No water is allocated to Bay-Delta Plan flows or CVP contracts in the initial run.
Results from the initial mn are input to the Stanislaus River water allocation processor, and water
is allocated to Bay-Delta Plan water quality and flow requirements, and CVP contracts as
described earlier.

The (b)(2) water management processor is then used to reschedule anticipated releases that
would have been made in June, July, August, and September for flood control evacuation to
April, May, and June. This reoperation does not affect end-of-water year reservoir conditions as
compared to the initial run, but does result in lower storage condition in the summer months of
some years. In addition, CVP contract deliveries on the Stanislaus River are reallocated for
release within a contract year to help meet target flows. Only the quantities needed to meet target
flows are reallocated, with remaining quantities assigned for delivery to CVP contracts.

Following the reoperation of flood control releases and dedication of CVP supplies to help meet
target flows, the processor creates a time-series instream flow requirement for use in a second
SANJASM run. No allocation to Bay-Delta Plan flows or contract deliveries are made in this
run, and water quality standards are met to the best ability of the system. Output from the second
SANJASM run is input to the Stanislaus River water allocation processor for this step, the
processor allocates water to Bay-Delta Plan flow requirements and develops a revised instream
flow requirement time series. CVP contract deliveries remain at levels established previously. A
third SANJASM run is made, incorporating these releases for Bay-Delta Plan requirements. In
this run, any flood control release that corresponded to the demand pattern for CVP contracts was
used to help meet the contract deliveries. A forth and final SANJASM run is made to
incorporate the revised operations.

Alternative 2 Surface Water Acquisition Processor

A single surface water acquisition processor is used to determine water acquisition and use in
Alternative 2 for the three major San Joaquin River tributaries. The operations of the processor
are described below.

In Altemative 2, a constant maximum quantity of water would be acquired from each source in
all years. Although the same maximum quantity of acquisition is targeted each year, the actual
amount acquired in each year may vary depending on the need to increase stream flows. If the
maximum quantity is not needed to meet the objectives of the alternative, the un-needed portion
would not be acquired. Water would not be carried over for use in following years. All of the
acquired water is used within the contract year (March through February).
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Start    ~

(b)(2) WATER MANAGEMENT PROCESSOR

¯ Develop Instream Flow Time Series Based on Target Flows

I Initial SANJASM Run (Figure II1-1)

I Stanislaus River Water Allocation Processor(Figure II1-1)

(b~(21 WATER MANAGEMENT PROCESSOR

¯ Reoperate New Melones and Dedicate CVP Water Toward
= Meeting April-June Target Flows

SECOND SANJASM RUN

¯ Use New Melones Reservoir Operations Generated by (b)(2)
Water Management Processor

STANISLAUS RIVER WATER ALLOCATION PROCESSOR

¯Allocate Water From New Melones Reservoir for Bay-Delta
Plan Accord Flow Requirements

THIRD SANJASM RUN

¯Use Instream Flow and Contract Delivery Time Series Input
Files Generated by Stanislaus River Water Allocation and
(b)(2) Water Management Processor

FOURTH SANJASM RUN

¯ Use Spills From Second SANJASM Run to Make Up CVP
Contract Deliveries Dedicated to Target Flows

FIGURE 111-2

SANJASM (b)(2) WATER MANAGEMENT PROCESS
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It is assumed that the acquisition of water from willing sellers would result in a reduction in
irrigated acreage, and therefore a reduction in applied water. Flows could decrease when
acquired water is re-scheduled, due to reductions in return flows. For the Draft PEIS
simulations, a portion of the acquired water would be used to maintain base flow conditions in
each river so that downstream users would not be impacted. The monthly return flow associated
with the volume Of acquired water would be released from storage to restore stream flows to
conditions that would occur without the acquisition of water. To accomplish this objective, the
processor uses a separate accounting for the total quantity of water acquired and the quantities
allocated to specific instream flows. The acquisition quantity is the actual amount of water
purchased from the seller. The allocation quantity is the amount of flow released to meet flow
objectives. The difference between the acquisition quantity and the allocation quantity is the
portion of the acquired water that is released to maintain stream flows.

When acquired water is released to meet flow objectives, large quantities are often released
during the early spring, sometimes resulting in smaller flood control releases later in the
snowmelt season. In cases where such a reduction in late summer flood control releases would
degrade water quality conditions at Vernalis to concentrations that exceed the regulatory
requirements, portions of the acquired water on the Stanislaus River are used to maintain the
water quality of conditions similar to the No-Action Alternative.

The acquisition processor computes the annual quantity of water to be acquired in the following
manner. For each month, the existing minimum instream flow requirement is compared to the
instream flow objective (target flows), and the difference is calculated. The acquisition quantity
for the year is equal to either the total amount needed to meet the objectives for the year, or the
maximum acquisition quantity defined for Alternative 2, whichever is smaller. The annual
acquisition quantity is then distributed over the year in proportion to the monthly differences.
The acquisition quantity allocated to each month is added to the existing minimum instream flow
requirement for that month. The minimum instream flow requirements are also adjusted to make
additional reservoir releases needed to maintain base flow conditions.

The resulting SANJASM input includes a modified minimum instream flow requirement time
series and a modified project demand time series, which reflects the reduced deliveries resulting
from acquisition.

Alternatives 3 and 4 Surface Water Acquisition Processors

For Alternatives 3 and 4, separate surface water acquisition processors were developed for the
Merced, Tuolumne, Stanislaus, Calaveras, and Mokelumne Rivers. In general, all of the
processors use the same methodologies, although some minor modifications were necessary to
account for variations in the operations of each river. The use of acquired water in alternatives 3
and 4 on these rivers is identical.

Water is acquired and allocated in Altemative 3 to meet target flows based on information
presented in Attachment G of the PEIS. Target flows are presented in tables that allocate
incremental quantities of acquired water to specific fish life stages at various periods of the year.
The incremental quantities of water are ~to be acquired on top of an assumed base flow condition.
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The Alternative 3 Surface Water Acquisition Processor calculates the maximum quantity that
would be acquired each year based on water availability under the hydrologic conditions. For
example, if an agricultural water user would receive 75 percent of the demand in a given year,
then only 75 percent of the maximum annual acquisition quantity could be acquired on that river
in that year. The maximum long-term annual acquisition quantity was determined using trial and
error so that the average annual acquisition over the entire simulation period approximately
equaled the acquisition targets established for Alternatives 3 and 4. The determination of the
target average annual acquisition quantities is explained in the Alternative 3 Description of
Simulation.

The target flow recommendations provide criteria to determine water year types on each river.
On the Mokelumne River, the recommended target flows are established based on a combination
of runoff and projected reservoir storage. However, neither the SANJASM code, nor the
acquisition processor, have the ability to determine year types based on projected storage.
Therefore, only the runoff criteria was used to determine the year type on the Mokelumne River.

The Alternative 3 water acquisition processor accounts for releases necessary to maintain stream
flows due to reductions in return flows, similar to the Alternative 2 water acquisition processor.
This accounting of surface water remm flows is intended to maintain base flow conditions
downstream (at Vernalis) only. It does not account for the distribution of the return flows
between the individual rivers.

The annual quantity of water acquired on each river is determined by the Altemative 3
Acquisition Processor in the following manner. For each contract year (March through
February), the maximum available acquisition quantity is determined by multiplying the
maximum acquisition quantity by the surface water delivery deficiency. The resulting allowable
acquisition quantity is divided into a portion to be released for fish and wildlife purposes and a
portion to be released to make up return flows.

For each contract year, a target priority level is determined using a trial-and-error method. The
target priority levels represent the highest priority level that can be achieved over the entire
contract year (March through February). The target priority levels are selected so that the annual
quantity of water required to maintain the target level does not exceed the annual allowable
release for fish and wildlife purposes previously computed. The quantity required to maintain
the target level is calculated on a monthly basis as the difference between the target flow and the
Alternative 1 (non-acquisition) flow in the river. Therefore, the acquired water is released to the
river in addition to the flows that would occur without the acquisition. In some months, pre-
acquisition flows in the fiver may exceed the target priority levels, in which case no releases of
acquired water are necessary. If a portion of the acquired water remains unused after meeting the
target priority level, but not enough water is available to meet the next higher priority level, the
remaining water is proportionally distributed toward meeting the next higher priority level. In
extremely wet years when the highest priority level is achieved and portions of acquired water
would remain unused, that portion is not acquired. Acquired water is not carried over for use in
following years.

The quantities released for fish and wildlife purposes and to make up return flows are added to
the current flows in the river to create a new minimum instream flow objective time series at the
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appropriate node. The new time series is input into the SANJASM minimum instream flow
requirement time series file to control reservoir releases.

Once the quantity of water to be acquired is determined for each contract year, the total annual
agricultural diversions on the river are reduced by that quantity; the diversion pattern remains
unchanged. The resulting diversion time series is input into the SANJASM project demand time
series file to control surface water diversions.

SANJASM MODELING PROCESS FOR DRAFT PEIS ALTERNATIVES

In general, the methodologies used in the processors described above apply to all of the Draft
PEIS alternatives, although some variation in the methodologies and applications of the
processors were necessary to accommodate the specific criteria of each alternative. The
following is a description of the modeling process used in each alternative, highlighting process
deviations from the general descriptions presented above.

NO-ACTION ALTERNATIVE SIMULATION

The No-Action Alternative is the base condition for the Draft PEIS alternatives analyses and
represents conditions in the future assuming a projected 2022 level of development without
implementation of CVPIA. The major operations criteria affecting the CVP facilities include the
following items:

¯ the Bay-Delta Plan Accord as defined in the State Water Resources Control Board (SWRCB)
May 1995 Draft Water Quality Control Plan;

¯ Stanislaus River minimum streamflows of 155,700 acre-feet in non-critical years and 98,300
acre-feet in critical years per recommendations by the Department of Fish and Game and the
Service;

¯ New Melones Reservoir operated to meet water quality standards per SWRCB Decision 1422
(D-1422), to the extent possible, on the Stanislaus River and on the San Joaquin River at
Vernalis;

¯ existing minimum instream flow requirements on the Tuolumne and Mokelumne rivers as
described in the development of the hydrology for the 2020 level of development; and

¯ existing minimum instream flow requirements on the Merced River and deliveries to the
Merced NWR in accordance with the existing FERC license.

The process used to develop gains and west side returns for the 2020 level of development, as
described above, were used in the No-Action Alternative. No deviation from the general
procedures was necessary. The gains at node 10 (accretions/depletions between Friant Dam and
the Chowchilla Bypass) are updated for the No-Action Alternative to account for accretions due
to returns from increased groundwater pumping for M&I uses. As described previously, gains at
node 10 were developed based on several modeling assumptions that d6 not fully account for all
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losses of stream flows to ground water. Because of this, as well as the lack of detailed
information on the hydrology of the area, gains at node 10 are held constant in all subsequent
alternative simulations.

The base run used in the Stanislaus River water allocation processor was developed based on the
operational objectives on the Stanislaus River assumed for the Draft PEIS, recent historic
operational data, and hydrologic limitations. A summary of criteria included in the Stanislaus
River Water Allocation in the No-Action Alternatives is provided in Table III-1. Water would be
released from New Melones to satisfy diversion water rights, instream flows of 155,700 acre-feet
plus DO flows in non-critical water year types and 98,000 acre-feet plus DO flows in critical
water year types.

TABLE II1-1

NO-ACTION ALTERNATIVE SIMULATION
WATER ALLOCATION ON THE STANISLAUS RIVER

Demand Annual Allocation

Instream Flows 155,000 acre-feet in all but critical years; 98,300 acre-feet in
critical years, based on recommendations by Service and DFG.

D.O. Requirements Up to 63.7acre-feet in June through September in all years.
Actual allocation varies, depending on instream fishery flow
releases.

Vernalis Water Quality Up to 45,000 acre-feet in years when end of February storage
(455 ppm TDS it~ irrigation plus March-September inflows is below 1.8 million acre-feet. Up
season, 650 ppm TDS in non- to 250,000 acre-feet in years when end of February storage plus
irrigation season) March-September inflows exceeds 1.8 million-area-feet.

Bay Delta Pulse Flows Up to 350 taf/yr

CVP Contract Total contract amount of 155,000 acre-feet. 49,000 acre-feet of
firm deliveries, with deficiencies based on. storage and inflows.
Potential interim delivery opportunities are possible on the
remaining 106,000 acre-feet.

In the No-Action Alternative, water would be allocated to Bay-Delta flow needs and firm
contracts only under wetter or higher storage conditions. In those cases, full Bay-Delta flow
compliance was achieved and full firm contracts were delivered.

ALTERNATIVE 1 SIMULATION

The first adjustment to 2020 conditions for Altemative 1 was the incorporation of the land
retirement specified in the San Joaquin Valley Drainage Program. It is assumed that the
reduction of water demand associated with the retired lands would result in a reduction of
groundwater use and would not affect surface water diversions as surface water would be
distributed to remaining water demands. The changes in gains and return flows that result from

SANJASM M/M 111-24 September 1997

C--083643
C-083643



Draft PEIS SANJASM Application to the PEIS

the change in applied water and groundwater conditions were incorporated into the SANJASM
input. The hydrologic analyses of Alternative 1 was accomplished with three intermediate
analyses to represent significant components of the alternative. The first analysis (intermediate
analysis 1.1) focused on the reoperation of CVP facilities and the use of CVP water supplies
toward meeting target instream flows. The results from this run are used to estimate the quantity
of CVP water supply dedicated pursuant to CVPIA Section 3406 (b)(2).

Intermediate analysis 1.2 includes the (b)(2) water management plus the delivery of firm Level 2
water supplies to refuges. The final intermediate analysis, 1.3, incorporated the (b)(2) water
management, Level 2 refuge deliveries, and increased Trinity River instream flows.

The same procedures were used for the simulations of all of the intermediate analyses. The only
difference in the SANJASM simulations for each of these runs were changes in response to the
modifications made to PROSIM operations. The gains and west side retums were updated with
each modeling iteration in accordance with the procedures described above. No deviation from
the general procedures was necessary. The procedures described earlier for the (b)(2) water
management processor were used to reoperate flood control releases and dedicate CVP contract
deliveries to target flow needs on the Stanislaus River. The SANJASM run used as input to the
Stanislaus River water allocation processor was based on the operational criteria described under
the No-Action Alternative, except for the Stanislaus River instream flows. Instream flow
objectives on the Stanislaus River were set equal to the target flows, with reductions made in
April, May and June of 30 to 50 percent to maintain minimum reservoir storage criteria, as
described in the (b) (2) water management processor.

ALTERNATIVE 2 SIMULATION

Alternative 2 includes the operational objectives of Alternative 1, plus the acquisition of water
for Level 4 refuge water supplies, and to increase instream flows on the Merced, Tuolttmne, and
Stanislaus rivers.

Altemative 2 was developed through two incremental steps. The first step incorporated the
acquisition of level 4 refuge water supplies from willing sellers to the final Alternative 1 run.
The second step incorporated acquisition water for increased instream flows on the Stanislaus,
Tuolumne, and Merced rivers.

For the development of the first increment of Alternative 2, west side returns were updated in
accordance with the general procedures described previously. Several exceptions to the general
procedures were required in the development of gains. As mentioned above, the stream gains for
the No-Action Alternative and Alternative 1 were developed using the return flow, groundwater
interaction, and the local runoff components of CVGSM gains. For Alternative 2, however, only
the groundwater interaction and local runoff components were considered. The return flow
component was omitted because alternative 2 assumes that no additional groundwater pumping
would occur to offset water acquisition, and because reductions in returns from applied surface
water are computed directly in SANJASM.

Alternative 2 includes the acquisition of 19,000 acre-feet on the Merced River to provide Level 4
refuge water supplies to Merced NWR and the East Gallo Unit. Project agricultural demands at
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node 50, were reduced by 19,000 acre-feet to reflect the acquisition. Because SANJASM does
not have the capability to specify refuge demands on the Merced River, the M&I demand at node
50 was used to track the refuge demand. The full refuge delivery is made each year, regardless of
year type. The irrigation efficiency values for the refuge water were adjusted to eliminate return
flows from the Merced NWR. Merced NWR return flows are anticipated to be lost to
percolation in the Chowchilla Bypass. The return flows from the East Gallo Unit are accounted
for as gains at node 40.

The second incremental step in the development of Alternative 2 involved the acquisition of
water on the Stanislaus, Tuolumne, and Merced rivers for instream flows. Because specific
sources for water acquisition are not identified in the Draft PEIS, it is not possible to quantify
and identify the locations of changes in stream gains. Also, because groundwater pumping is
held at amounts computed in Alternative 2, and releases are made to maintain base stream flow
conditions, changes in groundwater-surface water interaction are minimized. For these reasons,
stream gains are not modified once the first step of Alternative 2 is incorporated. Also, since
water acquisition on the San Joaquin tributaries does not affect PROSIM DMC deliveries, no
changes to west side returns were necessary for the second step of Alternative 2.

Maximum acquisition quantities for instream flows on the Stanislaus, Tuolumne, and Merced
rivers are listed on Table II-2. All acquisition accounting is done on a contract year basis
(March-February); acquisition begins at the start of the contract year and all acquired water is
used by the end of the contract year. In Alternative 2 the acquired water is released to increase
flows in April, May, and October since the target flows include pulses in those months. The use
of acquired water in this manner also results in increased flows at Vernalis, which help to meet
the Bay-Delta Plan Accord pulse flow requirements.

ALTERNATIVE 3 SIMULATION

Alternative 3 includes the operational objectives of Alternative 1, plus the acquisition of water
for Level 4 refuge water supplies, and to increase instream flows on the Merced, Tuolumne,
Stanislaus, Calaveras, Mokelumne, and Yuba rivers. The acquisition quantities on the Merced,
Tuolumne, and Stanislaus rivers in Alternative 3 are greater than the quantities of acquired water
on these rivers in Alternative 2~ as shown on Table III-2. Water would be acquired for instream
flows from project agricultural water users simulated in SANJASM only, no water would be
acquired from the non-project, or riparian, water users. The calculation of the quantities and use
of acquired water is performed using the Alternative 3 Surface Water Acquisition Processors
described earlier. Instream use of the acquired water would be in accordance with the target flow
recommendations, with portions of the acquired water also used to maintain base flow conditions
(make up lost remm flows) as described for alternative 2.
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TABLE 111-2

TARGET AVERAGE ANNUAL ACQUISITION QUANTITIES

Target Average Annual Target Average Annual

River
Acquisition Acquisition
(acre-feet) (acre-feet)

Alternative 2 Alternatives 3 and 4

Merced River 50,000 200,000

Tuolumne River 60,000 200,000

Stanislaus River 60,000 200,000

Calaveras River -- 50,000

Mokelumne River -- 70,000

Alternative 3 was developed through two incremental steps in the same manner as Alternative 2.
The first step included the acquisition and delivery of Level 4 water supplies to refuges; the
second step included the acquisition and use of water for increased instream flows. The gains
and west side return flows used in the second incremental step of Alternative 2 are also used for
the second step in Alternative 3.

The assumed base operations on the Tuolumne and Mokelumne Rivers prior to acquisition of
water differ from those used in the No-Action Alternative and Alternatives 1 and 2. Operations
on the Tuolumne River incorporate the minimum instream flow requirements prescribed in the
July 1996 amendment to the FERC license for New Don Pedro Reservoir. Operations on the
Mokelumne River incorporate the Principles of Agreement (POA) between EBMUD, U.S. Fish
and Wildlife Service (Service), and DFG. For the SANJASM simulation, releases from
Camanche were made to approximate the releases for fish and wildlife in EBMUD’s 2020
simulation of operations under the POA (EBMUD Study Number 5916).

The simulation of Alternative 3 also includes a modified (b)(2) water management on the
Stanislaus River based on the target flow recommendations described in Attachment G of the
PEIS. Prior to use of acquired water, New Melones is operated to meet priority levels 4, 6, and 8
in dry, below normal and above normal water year types, and priority level 0 (301,000 acre-feet
base flow) in wet water year types. In the pre-acquisition run, instream flows are not be
increased in critical water year types due to limited water availability.

In extremely wet years on some rivers, the entire quantity of allowable acquisition is not needed
to achieve the highest recommended flow level. In these cases, the unneeded quantities would
not be acquired. Therefore, the actual average annual acquisition may be slightly lower than the
target average annual acquisition. On the Mokelumne River, only the project agricultural
diversions would be acquired, resulting in an average annual acquisition slightly less than the
target. Similarly, on the Calaveras River, only the project agricultural diversions would be
acquired, resulting in an average annual acquisition of approximately half of the target.
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ALTERNATIVE 4 SIMULATION

Description of Alternative

For SANJASM simulation the simulation of Altemative 4 is the same as Altemative 3.

2020 D-1485 SIMULATION

The 2020 D-1485 simulation is similar to the No-Action Alternative simulation with the
exception that the Bay-Delta Plan Accord as defined in the SWRCB May 1995 Draft Water
Quality Control Plan is not in effect.

The modeling process used to simulate this simulation is similar to that used for the No-Action
Alternative. However, because the Bay-Delta Plan Accord is not in place, no water would be
allocated from New Melones Reservoir to meet Bay-Delta Flow requirements at Vemalis, and
the Delta water quality requirement at Vemalis would remain at 500 ppm TDS over the entire
year, as specified under D-t422. CVP contract deliveries would be made in years when the
Vemalis water quality requirements are satisfied.

SUPPLEMENTAL ANALYSIS la SIMULATION

Supplemental Alternative 1 a involves additional (b) (2) water management actions in the Delta,
and does not include actions directly simulated in SANJASM.

Most of the hydrology, demands, and operating criteria included in the Alternative 1 simulation
also apply to Supplemental analysis la simulation. The only change is the modification of
demands at Mendota Pool (node 15) based on PROSIM deliveries which account for changes in
DMC deliveries to Mendota Pool. The same gains used in Alternative 1 are used for this
simulation.

SUPPLEMENTAL ANALYSIS ld SIMULATION

The simulation of Alternative 1 d is similar to the Alternative 1 simulation except that no
deficiencies are applied to the Level 2 refuge deliveries. Supplemental Analysis ld involves the
delivery of full Level 2 water supplies to refuges in all years, with no shortages based on the
Shasta criteria. Because the deliveries to Merced NWR are not replaced in critically dry years in
alternative 1, this analyses does not include actions that would be simulated in SANJASM.

Most of the hydrology, demands, and operating criteria included in the Alternative 1 simulation
also apply to the Alternative 1 d simulation. The only change to hydrology is the modification of
west side return flows to account for increased refuge deliveries. The only change in demands is
the modification of demands at Mendota Pool (node 15) using PROSIM deliveries to account for
any changes in DMC deliveries to Mendota Pool. The same gains used in Alternative 1 are used
for this simulation.

SANJASM M/M 111-28 September 1997

C--083647
C-083647



Draft PEIS SANJASM Application to the PEIS

CUMULATIVE EFFECTS SIMULATION

The Cumulative Effects analysis includes no actions that would be directly simulated in
SANJASM. Most of the hydrology, demands, and operating criteria included in the Alternative 1
simulation also apply to the Cumulative Effects simulation. The only change in demands is the
modification of demands at Mendota Pool (node 15) using PROSIM deliveries to account for any
changes in DMC deliveries to Mendota Pool. The same gains used in Alternative 1 are used for
this simulation.

EARLY 1990s SIMULATION

The Early 1990s simulation provides model simulation results at a projected 1995 level of
development without implementation of the CVPIA. This simulation assumes operation of
existing facilities in accordance with operating rules and criteria that were in effect or being
developed as of October 1992 when the CVPIA was adopted. The major operations criteria in
the Early 1990s simulation include:

¯ annual Stanislaus River minimum instream flows of 98,300 acre-feet in all years; and

¯ New Melones Reservoir operations based on interim drought management practices

¯ minimum instream flow requirements on the Merced, Tuolumne, and Mokelumne rivers as
described in the hydrology for the 1995 level of development.

The Early 1990s simulation uses the 1995 level of development hydrology and demands. Stream
gains are not updated with each model iteration, as these data are assumed to apply to all 1995
level of development model runs. The Early 1990s run differs from the 2020 level of
development runs made for the PEIS in that an interim drought water management approach is
used on the Stanislaus River. This approach is intended to approximate the management of the
limited water supplies during the latter portion of the 1987-1992 drought period.

The interim management approach does not follow the operational priorities for water allocation
described earlier under the Stanislaus River water allocation processor. Instead, the approach
attempts to distribute the limited water supplies among the various demands on New Melones
storage. Table III-3 shows the quantities allocated to each demand.

The base run used in the Stanislaus River water allocation processor for the Early 1990s
simulation incorporates an interim water management approach based on actions taken during
the latter portion of the 1987-1992 drought period. The instream flows include 98,300 acre-feet
in all year types. Under the interim drought water management approach, releases to maintain
water quality conditions at Vernalis are limited to 70,000 acre-feet in all years. No additional
releases are made towards meeting instream water quality standards. The Stanislaus River water
allocation processor is used to allocate remaining water to water quality and CVP contracts, as
listed in Table 111-3. Because the Bay-Delta Plan Accord is not included in the this run, no
allocation is made to Bay-Delta Plan Vernalis flows.
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TABLE 111-3

EARLY 1990s SIMULATION
WATER ALLOCATION ON THE STANISLAUS RIVER

Demand Annual Allocation

Instream Flows 98,300 acre-feet in all years, pattern based on
recent historic DFG recommendations

D.O. Requirements none allocated
Vemalis Water Quality up to 140,000 acre-feet allocated as:
(Requirement is 500 ppm TD$ in all months ¯ minimum of 70,000 acre-feet
per [3-1422) ¯ up to an additional 70,000 with deficiencies

based on storage and inflows
CVP Contracts Total contract amount of 155,000 acre-feet.

49,000 acre-feet of firm deliveries, with
deficiencies based on storage and inflows.
Potential interim delivery opportunities are
possible on the remaining 106,000 acre-feet.

In the final SANJASM run for the Early 1990s simulation, instream flows of 98,300 acre-feet are
provided in all years. A minimum of 70,000 acre-feet is available for release towards meeting
water quality requirements at Vernalis if needed. Up to an additional 70,000 acre-feet is also
allocated to water quality in years when the water supply is available. Deficiencies on the
additional 70,000 acre-foot allocation is calculated on a storage-plus-inflow index. CVP
contracts receive up to 49,000 acre-feet in years when the water supply is available. The percent
deficiency on CVP contracts are identical to those applied to the additional water quality
allocation.

RECENT CONDITIONS SIMULATION

The Recent Conditions simulation is provides model simulation results at a projected 1995 level
of development with the implementation of the Bay-Delta Plan Accord but, without
implementation of the CVPIA. The major operations criteria in the Recent Conditions
simulation include:

¯ annual Stanislaus River minimum instream flows of 98,300 acre-feet in all years;

¯ New Melones Reservoir operations based on interim drought management practices

¯ minimum instream flow requirements on the Merced, Tuolumne, and Mokelumne rivers as
described in the hydrology for the 1995 level of development; and

¯ the Bay-Delta Plan Accord as defined in the State Water Resources Control Board (SWRCB)
May 1995 Draft Water Quality Control Plan.
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The Recent Conditions simulation is similar to the Early 1990s simulation, with the addition of
the Bay-Delta Plan Accord. West side return flows were not changed from the Early 1990s run.
The Day Delta Plan Accord adds a flow objective at Vernalis, and modified the Vernalis water
quality standards from a year-round monthly objective to separate objectives for irrigation and
non-irrigation seasons.

Table III-4 shows the quantities allocated to each demand.

TABLE 111-4

RECENT CONDITIONS SIMULATION
WATER ALLOCATION ON THE STANISLAUS RIVER

Demand Quantity Allocated Annually

Instream Flows 98,300 acre-feet in all years, pattern based on
recent historic DFG recommendations

D.O. Requirements none allocated

Vemalis Water Quality up to 125,000 acre-feet allocated as:
(Requirement is 455/650 ppm TDS in the ¯ minimum of 70,000 acre-feet
irrigation/non-irrigation season, per May 1995 ¯ up to. an additional 55,000 with deficiencies
Bay-Delta Plan) based on storage and inflows

Bay-Delta Plan Vemalis Flows up to 70,000 acre-feet with deficiencies based
on storage and inflows

CVP Contracts Total contract amount of 155,000 acre-feet.
49,000 acre-feet of firm deliveries, with
deficiencies based on storage and inflows.
Potential interim delivery opportunities are
possible on the remaining 106,000 acre-feet.

The base run used in the Stanislaus River water allocation processor for the Recent Conditions
simulation is similar to the base run used in the Early 1990s simulation, except for the water
quality standard. The instream flows provided include 98,300 acre-feet in all year types.
Releases to maintain water quality conditions at Vernalis are limited to 70,000 acre-feet in all
years. No allocation to Bay-Delta Plan Accord flow requirements at Vernalis are made in the
base run. The Stanislaus River water allocation processor is then used to allocate water to all of
the additional purposes listed in Table III-4.

In the final SANJASM run for the Recent Conditions Simulation, instream flows of 98,300 acre-
feet are provided in all years. A minimum of 70,000 acre-feet is available for release towards
meeting water quality requirements at Vernalis if needed. Up to an additional 55,000 acre-feet is
also allocated to water quality in years when the water supply is available. Deficiencies on the
additional 55,000 acre-foot allocation is calculated on a storage-plus-inflow index. Up to 70,000
acre-feet is allocated towards meeting Bay-Delta Plan Vemalis flow requirements. CVP
contracts receive up to 49,000 acre-feet in years when the water supply is available. The percent
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deficiency on Bay-Delta Plan Vernalis flow allocation and CVP contracts are identical to those
applied to the additional water quality allocation.

EARLY 1980s CONDITIONS SIMULATION

For the Early 1980s Conditions simulation, the primary assumptions on the Stanislaus River and
on other rivers include:

¯ release up to 654,000 acre-feet for diversion at Goodwin Dam by Oakdale Irrigation District
(OID) and South San Joaquin Irrigation District (SSJID) per 1972 Agreement and
Stipulation;

¯ release 98,300 acre-feet in all years for instream fish and wildlife purposes per D-1422;

¯ maintain salinity on the San Joaquin River at Vernalis at 500 ppm TDS in all months per D-
1422; and

¯ minimum instream flow requirements on the Mokelumne River as established prior to the
Lower Mokelumne River Management Plan.

The Early 1980s Conditions simulation uses the 1995 level of development hydrology. As in the
Existing and Recent Conditions simulations, stream gains are based on the 1995 level of
development. The west side returns are adjusted to account for the lower refuge deliveries made
under the early 1980s conditions. All minimum instream flow requirements, except for those on
the Mokelumne River are the same as the 1995 level of development simulations. In the Early
1980s simulation, the minimum instream flows on the Mokelumne River are assumed to be those
prior to the flows proposed in the Lower Mokelumne River Management Plan. These flows
average 13,000 acre-feet per year.

D-1422 provides the primary guidelines for the operation of New Melones Reservoir in the
1980s simulation. It establishes the diversion, instream flow, and water quality requirements.
Under an Agreement and Stipulation in effect beginning in 1972, Reclamation is required to
release inflows to New Melones Reservoir, up to 654,000 acre-feet per year, for diversion by
OID and SSJID in recognition of their water rights. Although this agreement was superseded by
a subsequent agreement in 1988, the 1972 agreement is assumed to be in place in the Early 1980s
Conditions simulation. Releases are also made to meet the same~downstream riparian demands
as under the Existing Conditions simulation.

Because the simulation under the Early 1980s conditions is assumed to be prior to the drought in
the 1987-1992 period, the interim drought management approach for Stanislaus River water
management is not used. Minimum instream flows are maintained at 98,300 acre-feet per year,
and water is released from New Melones Reservoir to attempt to meet water quality requirements
of 500 ppm at Vemalis. Contract deliveries are not made in years when these requirements are
not met. Although the 1975 revision to the Water Quality Control Plan indicates an instream DO
requirement of 7 mg/1 on the Stanislaus River at Ripon, no additional releases from New
Melones Reservoir are made for instream water quality under the Early 1980s conditions, due to
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the lack of operational data on the correlation between release requirements and DO
concentrations.

The base SANJASM model run under the Early 1980s Conditions simulation includes releases
for diversion water rights, minimum instream flows, and maximizes releases for Delta water
quality while maintaining minimum storage criteria. The final SANJASM run allocates water to
CVP contract deliveries in years when Delta water quality requirements are met.

INPUT AND OUTPUT DATA FOR THE PEIS ALTERNATIVES

INPUT FILE DESCRIPTION

Input to SANJASM is read from 22 data files. All numeric data are read using free format. This
eliminates most potential column alignment problems, and makes changing data easier. The data
files are annotated to give a general description of the data set. All time series files remain open
throughout the entire simulation. All other files are read once and closed immediately after
reading. Below is a brief description of the input files used in SANJASM.

SANJASM Master Control File (MCF)

This file contains information that controls the overall operations of the model. The file contains
names of input files, simulation period, node function definitions, switches for various program
options, the remm flow mapping table, and the demand deficiency table.

Reservoir Inflow File

This time series file contains monthly inflow data. Except for node 15, inflows go directly into
reservoirs. Node 15 inflows enter Mendota Pool.

Stream Accretion/Depletion File

This time series file contains the monthly accretions/depletions for the nodes which account for
stream gains.

Groundwater Gain File

This file contains time series of monthly accretions/depletions due to interaction with
groundwater. This file was not used for simulation of PEIS alternatives.

Reservoir Operations File

This file contains reservoir operations data, including beginning, maximum, and minimum
storages, rule curves, evaporations, and regression coefficients to compute surface area and
elevation from storage.
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West Side Return File

This time series file contains the monthly return flow contributions to the San Joaquin River
nodes due to application of water to the west side San Joaquin Valley.

Flood Control Time Series File

This time series file contains the monthly maximum reservoir storage allowed for flood control.

Minimum Instream Flow Requirement File

This file contains the minimum instream flow requirements. Each node with a flow requirement
has a set of eight data lines. The first line has the node number and the second contains either
"TYPE" or ’TIME" to indicate whether a year type or time series instream flow requirement
should be used (the TRIG option, which allows the user to base instream flow requirements on
inflows, gains, and storage, is not used for the PEIS). The last five lines contain the instream
flow requirement for each year type. Each line contains 12 monthly values for each year type.

Non-Project Demand File

The first part of this file contains monthly irrigation efficiency and recharge factors for non-
project diversions. The second part of the data file is a time series that contains monthly
diversions for nodes which are designated as having non-project demands.

Project Demand File

This f’xle contains the demand data for nodes designated as having project demands. For each
node, the file contains the annual demand and contract quantity, the monthly demand distribution
pattern, monthly efficiency values, and monthly recharge factors. Both agricultural and M&I
demand data are included for each project demand node.

Project Demand Time Series File

This time series file contains the monthly agricultural project demands for those nodes which are
set in the MCF to use time series project demand values.

Groundwater Pumping File

This file contains the groundwater pumping data for both project and non-project demand nodes.
At each node, the minimum and maximum annual groundwater pumping and monthly
distribution pattern is given by year type. Separate sets of values are provided for agricultural
and M&I demands.

Groundwater Pumping Time Series File

This time series file contains monthly groundwater pumping values. This file is used to specify
time series groundwater pumping values at specific nodes.
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Historical Storage File

This file contains monthly time series reservoir storages. It is used if the user wishes to specify
pre-operated reservoir storages for specified reservoir nodes. This file is not used for simulation
of PEIS alternatives.

Power Operations File

This file contains data for power generation computation. This file is not used for simulation of
PEIS alternatives.

Millerton Operations File

This file contains operations data for Millerton Reservoir.

griant Export Time Series File

This file contains monthly time series Friant-Kem and Madera Canal deliveries. It is used to
specify pre-operated canal deliveries. This file is not used for simulation of PEIS alternatives.

Hetch Hetchy Export Time Series File

This file contains monthly time series Hetch Hetchy exports. It is used if the user wishes to
specify pre-operated exports at node 60. This file is not used for simulation of PEIS altematives
since pre-operated Don Pedro inflows account for Hetch Hetchy exports.

Stanislaus Operations File

This file contains the information necessary to operate Goodwin Dam. Data is provided to
calculate OID/SSJID diversions according to the 1988 agreement with reclamation. Data is also
available to determine instream flow releases for fisheries studies in accordance with the 1987
agreement between Reclamation and DFG. The calculation of instream flow requirements on the
Stanislaus River is overridden by a time series instream flow requirement for all model
simulations for the PEIS.

Calaveras River Deficiency File

This file contains the deficiency schedule for Calaveras River agricultural and M&I deliveries.

Water Year Type File

This file contains two annual time series of year type data: the first is the San Joaquin Basin year
type index, and the second is the Shasta Index.
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Minimum Instream Flow Requirement Time Series File

This file contains monthly time series instream flow requirement values. This file is used in
place of the year type dependant minimum instream flow requirements to specify time series
requirements at user specified nodes.

OUTPUT FILE DESCRIPTION

Binary Output File

This file contains all of the output results from each SANJASM run. The output utilities extract
the desired information from this binary file.

Model Run Diagnostics File

This file contains diagnostics information recorded during the model simulation. This file is in
ASCII format and provides information to help solve model execution problems encountered
during a model simulation.

SANJASM FILE NAMING CONVENTION

SANJASM input and output file names for the PEIS consist of an eight character file name with
a three character extension. The eight character file name indicates the type of file and the three
character extension indicates the simulation number. Of the three characters in the extension, the
first character of the extension is a letter indicating the alternative, and the last two characters
indicate the run number. All input, output, and MCF files use this naming convention. As an
example, WRETN.B23 is the west side return file for alternative "B," run 23.

The MCF file name also contains the version of SANJASM. For example, MCF_366.B23 is the
MCF file for altemative "B," run 23, and is used with SANJASM Version 3.66.

Table III-5 provides the correspondence between the letter in the first character in the file name
extension and the PEIS alternative.

INPUT AND OUTPUT FILES USED IN PEIS ALTERNATIVES SIMULATION

Table III-6 lists the input files used for the PEIS alternatives.

SANJASM M/M 111-3 6 September 19 9 7

C--083655
(3-083655



Draft PEIS SANJASM Application to the PEIS

TABLE 111-5

SANJASM FILE NAME EXTENSION LETTER
AND CORRESPONDING PEIS ALTERNATIVE

Extension Letter PEIS Alternative
A Alternative 1.1

B Alternative 2

K Alternative 3

G Alternative 1.2

H Alternative 1.3

J Early 1980s Conditions

N No-Action Alternative
O Existing Conditions with Bay-Delta Plan Accord (Recent

Conditions)
P Existing Conditions D-1485 (Existing Conditions)

Q No Bay-Delta Plan Accord Simulation

S Alternative 1 d

T Cumulative Effects Simulation

U Alternative 1 a
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Chapter I

INTRODUCTION

This technical appendix provides a brief overview of the Central Valley Ground-Surface Water
Model (CVGSM), and the application of this model to the analyses of alternatives included in the
PEIS, including the methodologies and assumptions used for each alternative.

CVGSM is the application of the Integrated Groundwater and Surface water Model (IGSM) to
the Central Valley of California. IGSM is a comprehensive hydrologic model that integrates all
component processes of the hydrologic cycle and their interactions in a single model. This
chapter describes the use of CVGSM in the PEIS, provides a history of the model development,
summarizes existing documentation, and describes the application of CVGSM in an integrated
analytical process that includes hydrologic and agricultural economic analyses of PEIS
alternatives. Chapter II describes CVGSM, including an overview of the study area, a
description of the theoretical basis of the model, a summary of model components, and a
summary of model input and output data. Chapter III addresses the application of CVGSM to the
PEIS analyses, and describes modifications that were made to apply CVGSM to the PEIS
analyses. This includes a description of data processors developed and utilized to apply CVGSM
in the integrated hydrologic analysis of PEIS alternatives, in conjunction with surface water
simulation and agricultural economics analyses. This appendix is intended to build upon and
should be used in conjunction with existing documentation to provide a full understanding of the
model.

PURPOSE OF MODEL FOR THE PEIS

The inter-dependency of groundwater and surface water for agricultural and municipal uses in the
Central Valley requires that the effects on groundwater resources be considered in an integrated
manner with the analysis of surface water operations and deliveries. The implementation of
various CVPIA provisions could change the delivery of ;urface water from the Central Valley
Project (CVP), State Water Project (SWP), and several local water supply projects to water users
in the Central Valley. As a result, the distribution and quantity of groundwater use could also
change. Therefore, the analysis of surface water supplies in the PEIS must be integrated with the
analysis of groundwater impacts.

In the PEIS analyses, it is assumed that changes in groundwater use that would result from
changes in the availability and cost of surface water supplies would be influenced by economic
considerations. It is possible that agricultural land uses could change in response to price
sensitivity to surface water costs and costs of groundwater pumping. Therefore, the analysis of
potential changes to water uses for agricultural purposes must also be integrated with the analysis
of groundwater impacts in the PEIS.

Based on these relationships, the groundwater analysis for the PEIS would need to consider the
responses of groundwater conditions due to hydrologic characteristics and water use limitations.
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Specifically, an analytical tool was required to assess the interaction between surface water and
groundwater in the Central Valley, the amount of pumping that could occur within the physical
limitations of the groundwater aquifer and associated pumping lift, and changes in water demand
due to agricultural land use changes. In addition, other groundwater issues conceming
groundwater quality, land subsidence, agricultural subsurface drainage, and seepage-induced
waterlogging of low-lying farm land could be impacted as a result of implementation of PEIS
altematives. The assessment of these types of potential impacts requires an estimate of
groundwater storage, groundwater flow, groundwater levels, groundwater pumping,
groundwater-surface water interaction, and land subsidence. The CVGSM model was selected
for the PEIS analysis because it provides monthly estimates of these types of data, and could be
used to evaluate various aspects of implementing the altematives. Specifically, CVGSM is used
in the PEIS to evaluate the following responses to the PEIS alternatives:

¯ Groundwater levels expressed in feet relative to mean sea level;

¯ Groundwater gradients, expressed in the form of groundwater contours, to assess movement
of groundwater from one area to another;

¯ Groundwater pumping, expressed as total groundwater pumped per month;

¯ Groundwater recharge, expressed as total recharge to the groundwater aquifer per month;

¯ Groundwater storage, expressed as total volume of water stored in the aquifer at the end of
each water year; and

¯ Land subsidence, resulting from groundwater level decline, the location and amount (number
of feet of land subsidence).

Output from CVGSM is used as input to other resource analyses for the PEIS, including surface
water, agricultural economics, and municipal economics.

HISTORY OF MODEL DEVELOPMENT

Several groundwater models have been developed for portions of the Califomia’s Central Valley
over the past decades. In the early 1980s, the United States Geological Survey (USGS)
developed a groundwater model covering most of the Valley. More recently, Boyle Engineering
Corporation under a contract with the California State Water Resources Control Board (SWRCB)
developed a finite element model that simulates the interaction between surface water and
groundwater using a six mile by six mile square horizontal grid and three layers to approximate
the vertical variations of the aquifers in the valley (Boyle, 1987). Subsequent to the SWRCB
study, the U.S. Bureau of Reclamation (Reclamation), the California Department Of Water
Resources (DWR), the SWRCB, and later, the Contra Costa Water District (CCWD), funded
work to further improve modeling capabilities and input data as applicable to the Central Valley.
The resultant model is referred to as the Integrated Groundwater and Surface Water Model
(IGSM). IGSM consists of the basic model code capable of simulating the various components
of the hydrologic cycle and their interactions. IGSM was written using FORTRAN as the
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programming language, with the intent of using the model on an IBM personal computer or
compatible operating system. The model code is designed to be comprehensive and flexible so
that it may be used to simulate groundwater heads in simple and complex aquifer systems. Data
is developed for a specific basin and used in IGSM to simulate groundwater conditions. Data
developed for the Central Valley regional aquifer system resulted in the evolution of CVGSM, a
unique application of IGSM.

The initial development of CVGSM was completed in August 1990 (Reclamation). Data for this
model was developed for the period 1922 through 1980. The model was calibrated using
streamflow data from 1922 through 1980 and groundwater well level data for 1970 through 1980.
As part of an independent effort by Reclamation, the CVGSM database was later extended from
1980 to 1990 for the San Joaquin Valley, and from 1980 to 1990 for portions of the hydrology
data for the Sacramento Valley.

Following the development of CVGSM, the IGSM has continued to evolve through the
application of this code to the Central Valley and other areas. Several modifications to CVGSM
and IGSM were made for the PEIS to incorporate the modeling capabilities needed for the
analysis. In addition, several external processors were developed specifically for the application
of CVGSM to the PEIS for input data development and management, for data processing during
the CVGSM simulation cycle, and for processing CVGSM output to provide data for other
resource analyses. The modifications to the model for the PEIS are discussed in Chapter III.

OVERVIEW OF EXISTING DOCUMENTATION

Existing documentation for CVGSM is contained in two current documents. The original report
that accompanied the model in August 1990 is entitled" Central Valley Ground-Surface Water
Model, Central Valley." This document contains information on model data development
specific to CVGSM, IGSM flow charts, capabilities, and calibration. In 1993, an update to the
documentation was developed, entitled "Documentation and User’s Manual for Integrated
Groundwater and Surface Water Model (IGSM)," which updated a previous document produced
in 1990 during the development of CVGSM. Portions of these documents have been
incorporated into this technical appendix to provide continuity in the description of the model
features and operation. This technical appendix, however, does not provide comprehensive
documentation for all aspects of CVGSM. Rather, it summarizes the application of CVSGM to
the analysis of PEIS alternatives. The reader is encouraged to refer to the previous documents, in
conjunction with this technical appendix, to obtain a full understanding of the CVGSM model.

INTEGRATED MODELING PROCESS AND
INTERACTION WITH OTHER ANALYTICAL TOOLS

Simulation of the PEIS altematives was accomplished using an integrated modeling process.
Figure I-1 illustrates the overall relationship between the analytical tools. Because the PEIS
alternatives focus on the provision of surface water flow conditions, the hydrology models serve
as the starting point for the modeling process. The hydrology models include the PROject
SIMulation model (PROSIM),which simulates surface water conditions in the Sacramento River
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CVGSM, which simulates surface water and groundwater conditions for the Central Valley, and
SAN Joaqu!n Area Simulation Model (SANJASM), which simulates the surface water
conditions in the San Joaquin River Region. Output from the hydrology models provides some
of the data necessary for the analysis of other resources.

DATA EXCHANGE WITH SURFACE WATER SIMULATION MODELS

Because the hydrology models exchange input and output data during a model run, an iterative
approach between models was used to ensure the use of consistent data between the models.
Output from both PROSIM and SANJASM required for each CVGSM run includes reservoir
releases, minimum instream flows, and surface water deliveries. Output from CVGSM required
for each SANJASM run includes stream accretion/depletion data, and the applied water to the
west side of the San Joaquin Valley. These types of data were exchanged between each
successive CVGSM and SANJASM model iteration until little or no changes in results occurred,
indicating a relative balance in simulated hydrologic conditions.

At the completion of PROSIM and SANASM simulations for each alternative, output from these
models was provided as input to CVGSM. CVGSM was used to evaluate groundwater response
and impacts as a result of the surface water operations developed in PROSIM and SANJASM. A
discussion of the analytical procedures implemented in the application of PROSIM and
SANJASM to the PEIS alternatives is provided in the PROSIM and SANJASM
Modeling/Methodology technical appendixes.

DATA EXCHANGE WITH AGRICULTURAL PRODUCTION MODEL

Output from CVGSM required for each Central Valley Production Model (CVPM) run includes
groundwater levels, groundwater pumping, and surface water supplied for each subregion. Input
from CVPM required for each CVGSM run included agricultural crop acreage and irrigation
efficiency. These types of data were exchanged between each successive CVGSM and CVPM
model iteration until little or no changes in results occur. Generally no more than two iterations
was performed since improvements in model convergence were not observed beyond the second
iteration.

At the completion oft he CVGSM analysis for each alternative, simulated surface water
deliveries estimated by SANJASM (as adjusted by CVGSM for on-farm demands), groundwater
pumping estimates, and average groundwater elevations in the CVGSM output were provided as
input to CVPM. In the agricultural economics analysis, these data are used in CVPM to estimate
crop production, farm income, irrigated acreage, and to assess the economic impacts of the PEIS
alternatives on agricultural water users. A discussion of the analytical procedures implemented
in the application of CVPM to the PEIS alternatives is provided in the CVPM Modeling/
Methodology Technical Appendix.
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Chapter II

DESCRIPTION

The CVGSM is a comprehensive hydrologic model of the Central Valley regional aquifer system
that integrates all the hydrologic components and their interactions in a single model. CVGSM is
an application of the Integrated Groundwater and Surface Water Model (IGSM). The Central
Valley regional aquifer responds to water use, land use, and changing hydrology associated with
the vast stream network consisting of the Sacramento River to the north and the San Joaquin
River to the south, and other major streams throughout the valley. The groundwater-surface
water interaction between the regional aquifer and these major streams is an important
characteristic of the system, and is also represented in CVGSM. Other important features of
CVGSM include the simulation of evapotranspiration, direct runoff, infiltration and deep
percolation resulting from rainfall and irrigation applied water. CVGSM uses a monthly time
step and was designed with the intent to be used as a planning model, and features built-in
capabilities for evaluating the response of groundwater conditions in the Central Valley to
prescribed water resource management scenarios.

MODEL STUDY AREA

CVGSM is a quasi three-dimensional groundwater and surface water flow model developed for
the Central Valley of California. The model area covers the entire Central Valley of California,
encompassing about 20,000 square miles from Redding in the north to Bakersfield in the south.
The Central Valley is subdivided into two separate valleys that are named aider the major rivers
that drain the area. The northern one-third of the Central Valley is drained by the Sacramento
River and is called the Sacramento Valley. The southern two-thirds is drained by the San Joaquin
River and is called the San Joaquin Valley. Table II-1 provides a summary of the CVGSM model
characteristics.

TABLE I1-1
CVGSM CHARACTERISTICS

CVGSM Feature Characteristics
Model Region 19,710 sq. Mi Central Valley (Redding to Bakersfield)
Subregions 21 Based on DSA, and Hydrologic and Water Service Boundaries
Crop Types ¯ 14 categories Crops grouped by common water use characteristics
Elements 1,392 14.5 sq. Mi (average)
Land Use 4 types Agriculture, Urban, Native Vegetation, and Riparian Vegetation
Streams Modeled 38 Major Central Valley streams
Small Water Sheds 121
Surface Water Diversions 75 CVP, SWP, local projects, and riparian diversions
(and Imports)
Rainfall Stations 32
Aquifer Layers 3
Simulation Time Step Monthly

CVGSM M/M 11-1 September 1997

C--083674
C-083674



Draft PEIS Description

The California Department of Water Resources’s (DWR) Division of Planning has divided the
Central Valley into several planning areas called Depletion Study Areas (DSA). The current
model utilizes this subdivision to prepare input and analyze the water budget on a local scale by
incorporating the DSAs as the model subregions. In the northern part of the Central Valley, 9
DSAs are incorporated as 9 model subregions. In the Redding Basin (DSA 58), only the portion
that is within the model boundary is incorporated as a subregion. In the case of DSA 65, an
adjacent land area to the west that has no DSA designation is added to the corresponding model
subregion. In the south, however, the delineation of the DSAs was found to be inadequate for this
study as the entire San Joaquin Valley is divided into only two DSAs. They are DSA 49, San
Joaquin Valley above Vernalis, and DSA 60, Tulare Lake Basin. For the purpose of making a
detailed analysis of the surface water and groundwater budget on a smaller spatial scale, these
two DSAs were subdivided into 12 subregions. This division was made with proper
consideration to the hydrologic boundaries as well as the water district/agency boundaries. The
21 CVGSM model subregions are shown in Figure II-1.

It should be noted that DSA 55 (Delta area) is included in the model area for the purpose of
developing appropriate boundary conditions required for the model. Hydrologic and water use
data used for DSA 55 were based on existing available information and no effort was made to
refine them.

THEORETICAL BASIS OF MODEL

For modeling purposes, the hydrologic system may be divided into three major components: (1)
stream system, (2) groundwater system, and (3) root zone and unsaturated zone. Figure I1-2 is a
conceptual representation of these major features. The primary objective of the hydrologic
model is to track the movement of water from location to location in each of these components
and to simulate the interaction between the units using mass balance or water budget accounting
procedures.

The groundwater and unsaturated zone components in CVGSM are simulated using a network of
three-dimensional "volume elements" that have a triangular or quadrilateral surface shape, and
depth represented by a series of layers to simulate the stratigraphy of the aquifer system. Model
nodes are defined at each corner of these volume elements. Flux into the elements along the
model boundaries can be defined as no flow, variable flow, or constant flow.

A surface water network is overlain on the groundwater network to represent the surface water
component and allow simulation of surface water interaction with groundwater. Reservoir
operations as well as lake-groundwater interactions can also be modeled within the surface water
component. Land surface characteristics represented include land use types, crop mix patterns,
and soil types.
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Elements are grouped together to define subregions. These subregions can be utilized for both
input and output summaries representing individual water districts or other sub-areas. Input data
requirements for simulation include not only the constant hydrogeological parameters, but also
time-variant parameters including land use, water demand, rainfall, boundary inflows, and water
supply. Many of these parameters can be assigned by subregion, while others must be assigned to
individual elements.

MODEL COMPONENTS

The main features of CVGSM described in this section are as follows:

¯ Soil Moisture Accounting. The soil moisture accounting routine simulates direct runoff,
infiltration, deep percolation, and evapotranspiratior~ Deep percolation and return flow are
simulated for both precipitation and applied irrigation water.

¯ Streamflow Simulation. The model predicts streamflows at each node by simulating rainfall
runoff, irrigation return flow, water diversions, and strearnflow gain or loss to the aquifer
system.

¯ Groundwater - Surface Water Interaction. Comprehensive simulation capabilities are
provided which integrate the groundwater and the surface water flow systems. Complex
stream systems can be modeled including small watersheds, tributaries, diversions, and
streamflow loss to and gain fi:om groundwater.

¯ Unsaturated Flow Simulation. Vertical flow through the unsaturated zone is simulated
using unsaturated flow equations.

¯ Groundwater Simulation. The CVGSM simulates two-dimensional multi-layered aquifer
systems. Any combination of multiple layered confined, unconfined and partially confined
aquifer systems can be modeled. A finite element numerical approach is used to simulate the
saturated aquifer system. Aquifer parameters include storage and flow terms, and can be
estimated for each node by the model using parametric grids. Five types of boundary
conditions, including small watershed inflow can be incorporated. A special outline is~
included to simulate lake and groundwater interactions..

¯ Land and Water Use. Land use types and crop acreage are incorporated to estimate their
impactson groundwater and surface hydrology. Land use and water use data can be input in
several different ways, depending on data availability. The model offers a capability of
estimating agricultural water demands based on crop consumptive use and irrigation
etticiencies. Depending on data availability, pumping distribution can be specified by model
subregion, model element, or individual well location. Surface water diversions, urban water
use, agricultural demand, as well as imports and exports can be specified for model simulation.
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COMPUTATIONAL PROCESS

The IGSM computational process is based on the principle of conservation of mass along with
specific methodologies and laws governing the individual processes simulated by the model, e.g.,
Darcy’s law of fluid flow in porous media, or SCS methodology for rainfall-runoff computation.

IGSM is a distributed parameter model and as such simulates different processes of water
movement by each finite element. The three major processes and their interaction simulated by
IGSM are:

¯ Flow simulation on Land surface system;
¯ Water movement through stream system; and
¯ Fluid movement through groundwater system.

The following discussion is a simplisitic and general order of computational process in each
system.

LAND SURFACE SYSTEM

1. Monthly or daily Precipitation is input;
2. Water use for the urban areas is input;
3. Estimate agricultural water demand based on user specified potential ET, effective rainfall,

minimum soil moisture requirement, and irrigation efficiency;
4. Compute rainfall-runoff on various landuse categories;
5. Input and/or calculate the groundwater pumping and surface water diversion required to

meet the unmet agricultural and urban water demands;
6. Compute tailwater runoff from applied water on agricultural areas;
7. Compute evapotranspiration of various crop types, and that from bare land surface;
8. Compute infiltration from rainfall and applied water through soil zone; and
9. Compute deep percolation through unsaturated zone.

STREAM SYSTEM

1. Simulate surface runoff generated from the watersheds tributary to the model area; and
2. Route the strearnflow from upstream to downstream through the model area, based on

conservation of mass through the system, accounting for rainfall runoff, irrigation return
flows, stream losses to groundwater or stream gains from groundwater, and honoring the
order of priorities in diversions and minimum flow requirements, as specified by the user.

GROUNDWATER SYSTEM

1. Simulate the horizontal movement of water through the aquifer system using the finite
element methodology, accounting for interactions with the stream and land surface
systems; and

2. Simulate the vertical movement of water through various layers of aquifer system using
finite difference method.
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CVGSM simulates the above processes on a monthly time step for the hydrologic period
1922-90. The resulting output include budget tables for the major hydrologic systems
(Groundwater, Land Surface, Stream, and soil systems), as well as, groundwater levels at selected
user-specified locations, and streamflow hydrographs at various locations along the river system.

TYPES OF INPUT AND OUTPUT DATA

CVGSM model is subdivided into two major self-contained program segments; IGSM_F1
IGSM__F2C denoted as Part 1 (or Pass 1), and Part 2 (or Pass 2), respectively. Most of the
invariant inputs (such as model characterization, stratigraphy, hydrologic soil group, and

configuration) are processed in Part 1 (Pass 1) and a binary output file is created which is
input in Part 2. Each pass has a master control file which lists the name of all input/output
the corresponding pass.

FILES: PART 1

part of the computer program processes the time-invariant input data for the model and
generates a binary output file to be used as input to Part 2. A smammry of the input files is
provided below:

FORTRAN
UNIT # DESCRIPTION
5 Input control file for Part 1
7 Element configuration
8 Nodal coordinates
9 Stratigraphic data
10 Stream geometry
11 Lake data
12 Well data
13 Element characteristics

FILES: PART 2

part of the computer program uses the output l~om Part 1 and performs the time simulation
specified in the control input file (UNIT 5). All the time series data is read during this pass and
outputs are generated as specified by the user. A listing of the input files is provided below:

FORTRAN
UNIT # DESCRIPTION
5 Input control file for Part 2
7 Parameter data
8 Boundary conditions data
9 Diversion specifications
10 Print control
11 Initial conditions data
12 Fixed heads for initial condition
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13 Land use data
14 Crop acreage data
15 Precipitation data
16 Evapotranspiration data
17 Groundwater pumping data
18 Surface water diversion
19 Agricultural water demand
20 Urban water demand
21 Stream inflow
22 Crop demand parameters
23 Operations data
36 Time series boundary conditions
38 Measured well data
39 Parameter optimization data
41 Reservoir evaporation data
46 Groundwater pumping specification data
48 Minimum streamflow data

OUTPUT DATA: PART 1

CVGSM provides several types of information in different file units. Output files generated by
I(IGSM_F1) are:

Unit 4: Binary output for use in Part 2(IGSM_F2C)
Unit 6: Standard output

binary output file (Unit 4) can not be viewed by the user. It is only used as an input to Part 2
CVGSM. On the other hand, the standard output file (Unit 6) is written in ASCII format.

file indicates the date and time of the model run, it lists all the input files used with the date
time of the model run, it lists all the input files used with the date and time they were last

modified. It summarizes information for each subregion, element and node configurations,
stratigraphic layout of the model, and stream system and stream geometric data.

of the information contained in the standard output is self-explanatory. However, the few
requiting further explanation are given below:

IUD in the aquifer stratigraphic output data indicates:

Aquifer thickness is greater than zero indicating an effective node, which is used in the
groundwater simulation.
Transient node that is connected to an effective node. A transient node may switch
between confined and unconfined conditions.

-98: The node is ineffective since the aquifer thickness is defined as zero by the user, but
located between effective layers.

-99: The node is ineffective, and located outside of effective layers.
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¯ Hydraulic head elevations for an ineffective node with IUD= -99 are assigned a null value of
9999.

° In the stream node information, the aquifer refers to the upper aquifer connected to stream.
The grid number refers to the corresponding groundwater node number.

OUTPUT DATA: PART 2

Up to twelve output files can be generated by Part 2 (IGSM_F2C). Most of these files are in
ASCII format and can be viewed by the user. The binary files are written for the express use of
other components of CVGSM. These include the water quality simulations binary file (Unit 3),
and the graphics post-processor binary file (Unit 37).

Although all of the ASCII files can be viewed directly, some are designed to work with the
graphics post-processor of CVGSM. These include Units 24, 25, 26, 31, and 32, Model
simulation budgets are written as Units 27-30. Each of these four budgets is discussed and
examples are given on the following pages. The remaining output files can be created and viewed
for various purposes. A list of all the files, with a brief description of each is provided below.

Unit 2: Groundwater heads for each aquifer layer, soil moisture, unsaturated zone, and
small watershed conditions at the end of the simulation. The output format is
identical to the input format for initial conditions (Unit 11).

Unit 3: Binary output for use in water quality simulation.
Unit 6: Standard output containing heads for selected nodes and times as specified in Unit

10. It contains error messages and other information for abnormal conditions
detected during the simulation. Please note that an asterisk (*) next to the node
number indicates that the aquifer layer has become dry. In such a case, the
elevation refers to the bottom of the aquifer. Also, if the node is ineffective (when
aquifer thickness is zero), the hydraulic head elevation shown in 9999.

Unit 24: Groundwater head at every node for a selected time period as specified in Unit 10.
This data set may be used to create contour plots and directional flow line plots
through the graphics user interface.

Unit 25: Groundwater level data at specified nodes, or locations, as specified in Unit 10.
This data set may be used to create groundwater level hydrographs through the
graphics user interface.

Unit 26: Streamflow data (in cfs) at selected stream nodes as specified in Unit 10. This data
set may be used to create streamflow hydrographs through the graphics user
interface.

Unit 27: Water Use budget by subregion
Unit 28: Streamflow budget by subregion
Unit 9_9: Soil moisture budget by subregion
Unit 30: Groundwater budget by subregion
Unit 31: Boundary flux at selected boundary nodes as specified in Unit 10.
Unit $2: Flux between layers on a subregional basis.
Unit 33: Sub-element group water budget components
Unit 34: Diversion and shortage by individual diversion
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Unit 35: Detail stream budget by reach
Unit 37: Particular values for each model element printed in binary format for use in

CVGSM Graphics post-processor.
Unit 40: Output from parameter optimization module
Unit 42: Small watershed budget
Unit 43: Lake budget
Unit 44: Reservoir output
Unit 47: Element face flux

BUDGET TABLES

IGSM_F2C generates one binary output containing all water budget information. This binary file
is internally named IGSMBUD.TEM. When the program BUDGET is run, the IGSMBD.TEM is
processed into four different files with file names as specified for Units 27, 28, 29, and 30.
Descriptions of columns in the water budget output files are provided on the following pages,
with examples of the budget tables. These budgets may be run to include all model subregions, or
just selected model subregions, as specified in Part 2, Unit 5.
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Chapter III

APPLICATION TO THE PEIS

INTRODUCTION

The purpose of this chapter is to provide an explanation of the use of CVGSM for the PEIS
impacts assessment. This c.hapter does not present any results from the model simulation or from
the impact assessment ofPEIS altematives. The information is organized into the following
sections:

¯ Overview of Modeling Approach
¯ Development of Projected-level Data
¯ Development of Data Pre- and Post-Processors
¯ Recent Modifications to CVGSM
¯ Assumptions and Modeling Procedures for the PEIS and
¯ Input and Output Data for the PEIS Alternatives

CVGSM was used to simulate groundwater conditions for various alternatives as part of the
PEIS. The following CVGSM simulations are discussed in this chapter:

¯ No-Action Alternative
¯ Alternative 1
¯ Supplemental Analysis la
¯ Supplemental Analysis ld
¯ Alternative 2
¯ Alternative 3
¯ Alternative 4
¯ Cumulative Impact Analysis
¯ Existing Conditions Simulation
¯ Recent Conditions Simulation
¯ Early 1980s Simulation

An assessment of groundwater impacts was inferred from these simulated results and reported in
the PEIS, and several supporting appendices, including the Groundwater Technical Appendix.
The Groundwater Technical Appendix reported groundwater conditions for the No-Action
Alternative, and impacts as compared to the No-Action Alternative for Alternatives 1 through 4,
and Supplemental Analyses la and ld. The PEIS summarizes the impacts associated with these
alternatives, and also summarizes cumulative impacts to groundwater based on the Cumulative
Impact Analysis simulation. Groundwater conditions are also reported for pre-CVPIA conditions
(Early 1980s Simulation), early 1990s conditions (Existing Conditions Simulation), and 1990s
post-Bay-Delta Plan Accord conditions (Recent Conditions Simulation). These results are
reported in the Pre-CVPIA Conditions Technical Appendix. The PEIS also summarizes
qualitative groundwater impacts associated with Supplemental Analyses lb, 1 c, 1 e through 1 i, 2a
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through 2d, 3a, and 4a. These supplemental analyses were conducted primarily for economic
considerations, and no CVGSM simulations were conducted for them.

OVERVIEW OF MODELING STRATEGY

The basic fi:amework for conducting the CVGSM simulation is summarized below. Additional
details regarding data development and modeling procedures are provided later in this chapter.

STATIC LAND USE

The CVGSM model is a monthly groundwater planning tool which can be used to evaluate the
groundwater conditions of the Central Valley regional aquifer under different management
scenarios. There are many approaches that can be taken in applying the model to analyze various
scenarios. For the PEIS hydrologic modeling efforts (includes surface water and groundwater
modeling) a static land use approach was taken. For static model runs the projected land use
conditions are fixed over time. Two projected land use conditions were used as the basis for these
static conditions: (1) a 1995 projected-level, and (2) a 2020 projected-level. These projected-level
conditions are the driving force behind the development of much of the projected-level data and
assumptions required for the use of CVGSM for PEIS hydrologic modeling.

LONG-TERM SIMULATION PERIOD

Hydrologic conditions (i.e. rainfall, stream inflows) are an important consideration in the CVGSM
modeling analysis of projected-level conditions. The amount of rainfall and stream inflow has a
direct impact on groundwater recharge, which in turn may impact groundwater levels and other
related groundwater conditions. For the purposes of the static land use approach, a long-term
period of historical hydrologic conditions is imposed on the groundwater system, providing a
wide range of possible circumstances that could be expected under projected land use conditions.
The study period chosen for the groundwater analysis for the PEIS consists of water years 1922
through 1990. This 69-year simulation period, represented by historical rainfall records and
historical streamflows upstream of major reservoirs (modified to account for upstream usage at
the projected level), was used as the long-term period to represent varied hydrologic conditions in
the Central Valley. This historical period covers a range of hydrologic conditions including
prolonged droughts, such as 1928 to 1934 and most of 1987 to 1992, short duration droughts of
extreme conditions, such as 1976 to 1977, and periods of above normal precipitation such as
1967 to 1971, 1982 to 1983, and 1985 to 1986. Hence, the 1922-1990 historical hydrologic
period is considered to be representative of future hydrologic conditions. Furthermore, this
historical period is eornmonly used in water resources planning studies conducted by federal,
state, and local agencies in California, including Reclamation and DWR. Stream_flow conditions
for this simulation period are represented by a combination of historical records for streams with
little or no development, and simulated flows downstream of major reservoirs, based on reservoir
operations that take into account projected land use conditions.
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PROJECTED-LEVEL DATA

Rainfall and streamflow data are just two of the input components required for the use of
CVGSM for alternatives analysis. These and other data required for the analysis are dependent
upon the projected-level conditions and the objectives associated with the particular alternative.
Procedures for developing the data are defined based on these elements. The details of this data
development are provided in subsequent sections of this document.

LIMITATIONS OF USE OF MODEL FOR PEIS ALTERNATIVES

CVGSM is a planning scale simulation model which can be used to analyze the relative impacts
between alternatives for the groundwater resources of the Central Valley regional aquifer.
Relative impacts between alternatives are inferred from CVGSM results. For the purposes of the
PEIS the user can approximate impacts of an alternative by comparing simulation output resulting
from base input assumptions to simulation output resulting from alternative input assumptions.
Because CVGSM is not intended to be used as a detailed predictive model, simulation output of a
single alternative should not be used as absolute results.

CVGSM projected-level input data and related assumptions are intended to be reasonable and
appropriate for the level of detail required for the PEIS. Results should only be used and
presented on a subregional level or greater, as shown in Figure III-1. These simulations represent
the long-term impact of holding projected-level conditions and assumptions constant for 69 years.
In contrast, the same 69 years of historical hydrology has moved past a constantly changing
landscape of land use and facilities, leading to a unique set of conditions at any given point in
history. Therefore, any direct comparison of simulation results for fixed conditions to historical
conditions is not meaningful. The model results are meaningful only as a measure of the potential
long-term impacts of projected conditions and assumptions.

DEVELOPMENT OF PROJECTED-LEVEL DATA

Projected conditions for the PEIS were evaluated at two levels, a 1995 projected-level condition,
and a 2020 projected-level condition. Data development for the two projected-levels is provided
in the following sections.

OVERVIEW OF PROJECTED-LEVEL DATA DEVELOPMENT

In the PEIS modeling effort, projected land use and hydrologic information were taken from the
Bulletin 160-93 (California DWR, 1994). These data have undergone DWR’s process for
consensus that included extensive public review by urban, agricultural, and environmental interest
groups. For CVGSM subregions that match DSA boundaries, the land use data are the same as
used in DWR’s Consumptive Use model program (CU). For subregions that occupy only a
portion ofa DSA, land use data are developed directly from DWR Bulletin 160-93 data. The
projected land use provides the basis for development of all other required projected-level data
required for the hydrologic analyses conducted for the PEIS.
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CVGSM
Subregion Description
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In performing the static CVGSM model runs, several assumptions are made in preparing the
following data:

¯ Streamflow

¯ Land use and water requirements (land use distribution, crop/urban acreage, agricultural
demands, urban demands, refuge demands)

¯ Water supply (quantity and definition of surface water and groundwater supplies, and
minimum groundwater pumping)

¯ Initial groundwater level conditions

¯ Boundary conditions (assume same as historical)

The detailed description of assumptions involved in preparation of the above data are presented in
the following sections.

DEVELOPMENT OF PROJECTED-LEVEL DATA FOR 1995 AND 2020 LEVELS

Rainfall

Monthly rainfall data (total in inches) is based on historical records for the 1922 to 1990 period.
This data is consistent with the historical data set used in the historical CVGSM model
(Reclamation, 1990). This data set is used in all CVGSM simulations conducted for the PEIS,
including simulations under both 1995 and 2020 projected-level conditions. No modifications to
this data were made at any time.

Streamflow

The development of streamflow input data consists of flow conditions along the periphery of the
CVGSM model region, referred to here as rim inflows, and minimum instream flow at locations
specified by the surface water models.

Summary.of Rim Inflows. Rhn inflows for projected-level conditions are required by
CVGSM for all major Central Valley streams and many minor streams. Table III-1 lists the
streams modeled by CVGSM. In general, the edge of the model boundary is roughly coincident
with foothill reservoir locations, where they exist. For all CVGSM model runs for the PEIS, rim
inflows are derived fi:om the following sources:

¯ Reservoir releases for streams with reservoirs operated explicitly by PROSIM
¯ Reservoir releases for streams with reservoirs operated explicitly by SANJASM
¯ Depletion Analysis modified depletion area outflows
¯ Historical records for gaged locations near the edge of the valley floor
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TABLE II1-1
SOURCE OF CVGSM RIM INFLOW DATA

PROSlMISANJ Depletion USGS Gage
Stream Source ASM Node Model DSA

Sacramento River PROSIM 4
Cow Creek USGS 11374000
Battle Creek USGS 11376550
Cottonwood Creek USGS 11376000
Paynes and Sevenmile Depletion Model 3
Creeks
Antelope Creek Group De 31etion Model 66
Mill Creek De ~letion Model 66
Elder Creek De ~letion Model 5
Thomes Creek De 31etion Model 5
Deer Creek Group De ~letion Model 66
Stony Creek De ~letion Model 11
Big Chico Creek De ~letion Model 66
Butte and Chico Creeks De 31etion Model 14
Feather River PROSIM 10
Yuba River Depletion Model 67
Bear River Depletion Model 68
Cache Creek Depletion Model 16
American River PROSIM 14
Putah Creek Depletion Model 24
Cosumnes River SANJASM 185
Dry Creek Depletion Model 27
Mokelumne River SANJASM 170
Calaveras River SANJASM 130
Stanislaus River SANJASM 100
Tuolumne River SANJASM 70
Orestimba River USGS 11274500
Merced River SANJASM 45
Bear Creek Group Depletion Model 42
Deadman’s Creek Depletion Model 42
Chowchilla River SANJASM 30
Fresno River SANJASM 20
San Joaquin River SANJASM 5
Fresno Slough Import SANJASM 15
Kings River KRWA
Kaweah River USGS 11209900
Tule River USGS 11204900
Kern River KCWA
Notes:

USGS: U.S. Geological Survey
KCWA: Kern County Water Agency
KRWA: Kings River Water Agency
DSA: Depletion Study Area
Depletion Model: Rim inflow based on projected-level modified DSA outflow developed by DWR
Depletion Analysis.
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Table III-1 indicates the source for each CVGSM modeled stream, and the model node, DSA, or
gage number associated with the stream.

Rim Inflows Based on Modeled Reservoirs. PROSIM and SANJASM reservoir releases
do not require any adjustment. These data must be processed for each alternative run,. since
reservoir releases depend largely on the operating policy defined by the particular alternative. For
streams not included in the explicit operational scheme of PROSIM or SANJASM, rim inflows
are taken ~om the depletion analysis and historical records.

Rim Inflows Based on Depletion Analysis. For streams outside of the PROSIM and
SANJASM model areas, projected rim inflows are based on modified depletion area outflows
estimated by the depletion analysis for 1995 and 2020 land use conditions. These flows are
developed as part of DWR’s Hydrology Development Process which uses projected level
reservoir operations for reservoirs not simulated directly by PROSIM. The depletion analysis
estimates the projected outflow by adjusting the historical outflow for changes in water use
occurring upstream from the outflow point. The changes can be (1) changes in upstream
depletion, (2) changes inpre-operated reservoirs, and (3) changes in import and export quantities.
The depletion analysis outflows are part of the development of 1995 (C6A) level and 2020 (C9A)
level hydrology data utilized in various studies.

Rim Inflows Based on Historical Records. For streams with no upstream modifications
projected in the future and minimal changes in upstream development over the historical period
1922 to 1990, a depletion analysis was not conducted and historical records of outflow are
assumed to repeat for projected conditions. These historical records are used in all 1995 and 2020
projected-level CVGSM model runs for the PEIS.

Rim inflow data for streams modeled by CVGSM in the Tulare Lake Region are based on
historical gaged records for all 1995 and 2020 projected-level model rtms for the PEIS. This area
is not covered by PROSIM or SANJASM, and the depletion analysis is not currently applied to
these basins. Operating policies do not affect these Tulare Lake Region streams, and it was
assumed that historical records could be used without changing the outcome of the alternatives
analysis.

Summary of Minimum Instream Flows. Minirnurn instream flows for projected-level
conditions are required for streams modeled by PROSIM and SANJASM to maintain a consistent
representation of water supply and demands between the hydrology models. These minimum
instream flows are determined by laws, regulations, memorandums of understanding, and water
rights, for purposes of maintaining acceptable conditions for fishery and other environmental
needs (for more detailed information see the PROSIM and SANJASM Methodology/Modeling
Technical Appendices). Table III-2 lists the streams with minimum flows for various locations.
The CVGSM stream node corresponding to the location in the
surface water simulation models is also shown. For streams having minimum instream flow
requirements, the location is the same regardless of the alternative being simulated, with the
exception of the Merced, Calaveras, and Mokelumne Rivers. Assumptions specific to acquired
water fo-~ willing sellers, as incorporated into Alternatives 3 and 4, change the controlling
locations on the Merced River, and add a requirement on the Mokelumne and Calaveras rivers
(detailed discussions of these operational requirements are provided in the PROSIM and
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TABLE 111-2

MINIMUM INSTREAM FLOW REQUIREMENTS

PROSIM/
SANJASM CVGSM Stream

Flow Requirement at Source Node # Node #s
Sac River at Wilkin’s Slough or Navigation PROSIM 7 284
Control Point
(u/s of Colusa Basin Drain & Sutter Bypass)
Feather River from Thermalito to Mouth PROSIM 12 344 to 351

355 to 359
365 to 369

American River from Nimbus to Mouth PROSIM 16 377 to 383
Yuba River at Daguerre Point (1) N/A 354
Merced River at MID Diversion (2) SANJASM 50 117
Meroed River near Mouth (3) SANJASM 55 124
Tuolumne River dis of MID & TID Diversion SANJASM 75 136
Stanislaus River below Goodwi n. SANJASM 110 147
Calaveras River below New Hogan SANJASM 130 167
Reservoir (2)
Mokelumne River below Camanche Dam (4)    SANJASM 175 173
Mokelumne River at Mouth SANJASM 180 199
Notes:

(1) Required fish flows for Yuba River as specified by the State Water Resources Control Board.
(2) Required minimum instream flows for Alternatives 3 and 4 only, as part of biological pdodty

targets.
(3) Required minimum instream flows for all altematives except Alternatives 3 and 4.
(~,) Required minimum instream flows for Alternatives 3 and 4 only, based on East Bay Municipal

Utility District Principle of Agreement.

SANJASM Methodology/Modeling Technical Appendices). The process for assigning the
minimum instream flow requirements simulated by PROSIM and SANJASM to CVGSM stream
locations is applied for each PEIS alternative, as surface water simulations are completed.

Land Use and Demands

The following sections document the development of two forms of required land use data, which
are (1) element-based land use and (2) subregion-based crop acreage, and two forms of required
demands data, including (1) urban demands and (2) agricultural demands. This information is
incorporated in the PEIS CVGSM analysis and is developed for both 1995 and 2020 levels of
development. Demands refer to water required for agricultural, urban, and refuge purposes to
satisfy any requirements not met by precipitation.

Land Use: 1995 Level. Land use data are required by CVGSM for each alternative. Land use
data is defined by CVGSM element. Element-based land use data provides the models detailed
distribution of land use by four categories: (1) agriculture, (2) urban, (3) native vegetation, and
(4) riparian vegetation. The percent of each land use type is specified for each element. Historical
land use conditions for 1980 are used. This data was produced from DWR land use surveys
during the development and calibration of CVGSM in 1990. It is a reasonable approximation for
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an area of mostly agricultural lands such as the Central Valley, California. Local land use shifts in
agriculture have occurred since 1980, but for a CVGSM element averaging 14 square miles in
size, large changes on this order are less frequent, and small changes would not affect the
outcome of a regional analysis such as the PEIS. For urban lands this assumption of small regional
change is not appropriate given the greater rate of urban growth relative to agricultural
development in recent years. However, for recent historical conditions urban lands account for
approximately 6 percent of the land base of the Central Valley floor, and any change in land use
since 1980 would have little effect on this regional groundwater analysis.

Land Use: 2020 LeveL For the 2020 level analysis 1980 conditions land use was modified to
account for urban development projected for 2020 conditions. Only major cities were targeted in
the Central Valley. The cities included in the analysis were Redding, Sacramento (the
metropolitan area), Stockton, Modesto, Madera, Fresno-Clovis area, Sanger, Visalia and
Bakersfield. Land use information was collected and reviewed for these cities, including general
plans, land use maps, and other related studies. CVGSM elements occupying the city boundaries
were adjusted to reflect the proportion of projected urban land use. The proportion of urban land
projected to occupy a particular CVGSM element was approximated by increments of 25 percent.
For the purposes of this study it was assumed that the urban land would expand onto undeveloped
lands (native vegetation), and onto agricultural lands only after undeveloped lands were fully
utilized.

Crop Acreage: 1995 Level Subregion-based crop acreage is represented in CVGSM by 17
categories. These categories, expressed as total acreage for a subregion, consist of 14
agricultural crop groupings, urban acreage, native vegetation, and riparian vegetation. The urban
acreage includes all residential, commercial, industrial, and rural land uses. The 14 crop groupings
are based on DWR’s categories used in their consumptive use and depletion analysis studies.
Under 1995 conditions, crop and urban acreage data are based on DWR projected-level data
developed for various DWR studies, including the California Water Plan Update Bulletin 160-93
(California DWIL 1994). This land use data is also used for DWR’s hydrology studies,
particularly the 1995 (C6A) hydrology. This information was provided on a DAU (Detailed
Analysis Unit) basis. DAUs are the smallest planning unit used in DWR and serve as building
blocks for their water resources planning studies. DAUs are generally defined by physical and/or
political boundaries. As displayed in Figure III-2, CVGSM subregion boundaries are generally
coincident with DAU boundaries, and are composed of one or more DAUs. The 1995 projected-
level crop and urban acreage data were developed by aggregating DWR DAU data. The
remainder of land in each subregion was assumed to be native vegetation. This is consistent with
the defirtition of native vegetation used during the development and calibration of CVGSM
(Reclamation, 1990).

Crop Acreage: 2020 Level Under 2020 conditions, crop and urban acreage data are also
based on DWR projected-level data. This land use data is used for DWR’s analysis 2020 (C9A)
hydrology. Like the 1995 projected-level crop and urban acreage data, 2020 data were developed
by aggregating this data from DAUs to subregions, and the remainder of land in each subregion
was assumed to be native vegetation. For the PEIS alternatives conducted at a 2020 level, crop
acreage was subsequently replaced by data provided by CVPM (Central Valley Production
Model). This is required as part of the CVGSM-CVPM iterative modeling process. The 1995
level simulation, formally referred to as the Existing Conditions Simulation, did not require
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further iterations with CVPM since CVPM crop acreage changed little in comparison to 1995
DWR crop acreage.

Urban Demands: 1995 and 2020 Level. Urban and agricultural water demands were
developed for 1995 and 2020 urban and agricultural projected land use conditions discussed
previously. For CVGSM subregions associated with the Sacramento River Region, urban
demands for 1995 and 2020 projected conditions were developed from DWR Northern and
Central District DAU water budget tables developed as part of DWR Bulletin 160-93. Projected
urban demands were not available on a DAU level from DWR for the San Joaquin River and
Tulare Lake Regions. 1995 and 2020 urban demands were estimated for these regions using
DWR DAU projected urban acreage data and estimated urban water duties (acre-ft/acre). Water
duties were developed from per capita consumption data available for selected DAUs throughout
the San Joaquin River and Tulare Lake Regions. From the DAU level, these demands were
aggregated into CVGSM subregions.

These projections represent annual urban demands for average hydrologic conditions. The annual
subregion data was distributed monthly based on average monthly historical demands for 1981
through 1990. Though these projected urban demands can vary from year to year depending upon
hydrologic conditions, these variations tend to be small relative to regional conditions given the
small proportion urban demands make up of the total demand picture. For the CVGSM modeling
effort it was assumed that these urban demands remained constant from year to year for the static
level analysis.

Agricultural Demands: 1995 and 2020 Level. DWR also estimated the agricultural
demands based on 1995 and 2020 projected crop acreage and an applied unit water factor for
each crop type. However, these demand estimates represent average annual conditions. The actual
agricultural demands will vary considerably from year to year depending on the hydrologic
conditions. DWR’s CU model program was used to estimate agricultural demands. This method
takes into account hydrologic conditions (i.e. rainfall), soil types, potential evapotranspiration,
and irrigation efficiencies to simulate agricultural demands on a monthly basis.

The CU model generates consumptive use of applied water demands (CUAW) for each crop type
for each month of the 1922 to 1990 time frame, using as input a single crop acreage for a given
CVGSM subregion. This acreage is obtained initially from DWR Bulletin 160-93 for 2020
projected-level conditions. CUAW, calculated for this acreage under the varied hydrologic
conditions represented by the monthly rainfall, is then divided by monthly irrigation efficiency to
obtain irrigation applied water demands on a monthly basis. Initially, irrigation efficiencies are
obtained from DWR Bulletin 160-93 and distributed monthly using data from DWRs
Consumptive Use/Depletion Analysis Model studies (CU/DA). This is necessary to maintain a
consistent representation of demands between CVGSM and PROSIM (which also relies on the
CU/DA model). Subsequent CVGSM model iterations involve exchanging crop acreage and
irrigation efficiency from CVPM as discussed in Chapter 1. Difficulties in estimating pre-
irrigation season requirements for certain crops, mostly occurring in the San Joaquin Valley, were
partially overcome by reviewing the soil moisture requirements associated with two primary
crops, cotton and tomatoes. Based upon additional information provided by DWR regarding the
pre-irrigation practices in the San Joaquin Valley, estimates of pre-irrigation requirements were
improved. However, the amount of improvement was limited by the variability of hydrologic

CVGSM M/M 111-11 September 1997

C--083695
(3-083695



Draft PEIS Application to the PEIS

conditions, and difficulty in predicting other irrigation requirements that may be a function of
cultural practices and!or operations management.

Refuge Land Use and Demands: 1995 and 2020 Level. Refuge land use and acreage is
not consistently available on a regional basis at the same level of detail as urban and agricultural
lands for either of the 1995 or 2020 projected-level conditions. However, refuge demands are
represented in the surface water simulation models. To maintain a consistent water balance
between the hydrology models, these deliveries are distributed to CVGSM subregions based on
the defined location of the refuge. For the PEIS it is assumed that surface water delivered
specifically for refuge purposes is uniformly distributed with the agricultural demands associated
with the given subregion. Refuge demands for either 1995 or 2020 projected-level conditions
were represented in CVGSM by augmenting the agricultural demands with calculated refuge
deliveries firom PROSIM and SANJASM results.

Water Supply

In the Central Valley water is supplied by surface water and groundwater resources. Surface
water supply is simulated by the surface water models for major streams throughout the Central
Valley. Groundwater makes up any unmet demand subject to limitations described under
Assumptions and Modeling Procedures for the PEIS, and is estimated by CVGSM.

Surface Water Supply: 1995 and 2020 Level. CVGSM requires surface water diversions
and imports for 1995 and 2020 projected-level conditions. The surface water simulation models
determine the amount of surface water delivered for particular operating conditions as represented
for a given alternative. This information is translated into a form consistent with CVGSM’s
representation of surface water diversions. The details of this transformation process are provided
in discussions below (see Development of Data Pre- and Post-Processors). This process is carded
out each time a particular PEIS simulation is performed.

Special considerations were given to subregion 1 and subregion 9. In subregion 1 PROSIM
provides CVP project surface water deliveries to this region at PROSIM node 5. These deliveries
include large quantities of water that never reaches the farm, but is needed to effectively transport
the project water that is used on the farms. The transport water runs parallel with the Sacramento
River and eventually returns to the fiver. Hence, the stream diversion used in PROSIM are
reduced to represent actual water for crop needs.

In subregion 9 PROSIM provides total consumptive use required for Sacramento-San Joaquin
Delta (Delta) demand. Hence, an approximation of surface water deliveries is required. For both
1995 and 2020 projected-level conditions the irrigation applied water is calculated. This is
assumed to be equal to total consumptive use less Delta precipitation, or zero (which ever is
larger), divided by field irrigation efficiency. Surface water deliveries are then estimated as
irrigation applied water less groundwater supplies to subregion 9 plus recoverable and non-
recoverable losses associated with the surface water diversion.

Recoverable and non-recoverable conveyance losses are based on loss percentages that were
computed during the development and calibration of CVGSM (Reclamation, 1990). In cases
where canal losses are calculated separately, such as the Delta Mendota Canal, the San Luis
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Canal, and the California Aqueduct, the surface water model simulated loss for these canals is
incorporated directly into the surface water diversions process.

Groundwater Supply: 1995 and 2020 Level. Under both 1995 and 2020 projected-level
conditions, all water demands not met by surface water supplies for a given subregion are
assumed to be met by groundwater pumping within that subregion, subject to limitations
discussed under Assumptions and Modeling Procedures for the PEIS. CVGSM is used to estimate
groundwater pumping during the simulation process. Additional discussion on this topic is
provided under Assumptions and Modeling Procedures for the PEIS.

Groundwater pumped within a subregion is assumed to be used within this subregion, and is not
available for inter-region transfers. These assumptions apply to all PEIS CVGSM model runs.
Assumptions specific to particular PEIS alternatives, such as restrictions on groundwater
pumping, are discussed under Assumptions and Modeling Procedures for the PEIS.

Groundwater pumping distribution is assumed to be that established during the development and
calibration of CVGSM in 1990 (Reclamation, 1990). All additional groundwater pumping within
a model subregion is assumed to occur uniformly over the pumping distribution area, which
consists of the agricultural and urban land in each element.

Initial Groundwater Levels

For all CVGSM PEIS model runs (September 1990 simulated) the groundwater levels were
utilized as the starting groundwater elevations. These initial conditions were developed from
CVGSM during calibration of the model for the 1980 to 1990 period.

DEVELOPMENT OF DATA PRE- AND POST-PROCESSORS

Several pre- and post-processor were developed to aid in the preparation of input and output data
associated with CVGSM model requirements, as well as internal processors used during the
CVGSM simulation process (see CVGSM Modeling Process). Processors discussed below
include:

Data Pre-Processors: Agricultural Demands Data Pre-Processor
Surface Water Diversions Data Pre-Processor

Data Post-Processors: Agricultural Surface Water Deliveries Data Post-Processor
Agricultural Groundwater Pumping Data Post-Processor
Depth to Groundwater Data Post-Processor
Groundwater Elevation Contouring Post-Processor

DATA PRE-PROCESSORS

Agricultural Demands Data Pre-Processor

The agricultural demands data pre-processor calculates monthly agricultural demands for the
1922 to 1990 simulation period for a specified projected-level land use condition. In addition, the
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agricultural demands are augmented by refuge deliveries. Refuge deliveries are calculated based
on PROSIM and/or SANJASM refuge delivery data. As discussed previously, DWR’s CU model
program and input files are used to calculate the monthly time-series agricultural demands. The
projected-level crop acreage data specified in the CU model input files are modified using data
fi:om CVPM during the iterative modeling process.

The process consists of the following sequence of steps:

1. Calculate annual field irrigation efficiencies for each subregion based on average annual
CUAW and irrigation applied water developed by DWR for Bulletin 160-93;

2. Calculate the monthly consumptive use of applied water (CUAW) for each CVGSM
subregion using the DWR CU model program and modified input data files (input data files
modified using projected-level crop acreage data from CVPM) ;

3. Calculate the monthly irrigation applied water (i.e. agricultural demand) for each CVGSM
subregion using the information from steps (1) and (2) above. Monthly irrigation applied
water equals monthly CUAW divided by monthly field irrigation efficiency). Monthly field
irrigation efficiency is based on the annual field irrigation efficiency distributed monthly
based on monthly irrigation efficiency patterns used by DWR in Depletion Analysis studies.

4. Calculate the refuge deliveries by CVGSM subregion (see Refuge Deliveries Data Pre-
Processor discussed below);

5. Augment agricultural demand data calculated in step 3 by adding the required refuge
delivery to each subregion (see Refuge Delivery Data Pre-Processor below).

Refuge Deliveries. Refuge deliveries are post-processed using PROSIM and SANJASM
simulation information and DWR information from C6A and C9A hydrology studies (California
DWIL 1995). This process produces monthly refuge delivery amounts (atter deficiency) for each
refuge (see PROSIM and SANJASM Methodology/Modeling Technical Appendices for refuge
contract amounts and other related details).

This process produces two files, an annual (water year), summary of refuge deliveries and a
monthly summary of refuge deliveries. All traits are in 1000 AF. The relationship for calculating
the refuge deliveries by CVGSM subregion is based on the, following equation:

Refuge Delivery by CVGSM Subregion = Refuge Contract Amount
*Monthly Distribution
*Deficiency

This process is applied to all CVPIA PEIS alternatives in the same manner.

Surface Water Diversions Data Pre-Processor

PROSIM logic divides DSA water demands into two groups: Project and Non-Project. Project
deliveries represents the projected CVP/SWP contractual use of water within a DSA. Non-
project deliveries represent demands met by local surface water diversions and groundwater.
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Project deliveries represent the actual diversion from the stream, sometimes referred to as "true
demands". Non-project deliveries are defined as "net demands", or the amount of water required
to meet requirements, less reuse (i.e. recoverable conveyance losses and deep percolation).

SANJASM also divides surface water deliveries into project and non-project. Project deliveries
are conceptually the same as project deliveries in PROSIM. However, non-project deliveries in
SANJASM refer only to local non-CVP entities with surface water entitlement. The delivery does
not include groundwater associated with this entity.

Several steps are required to create the surface water diversion input data for the application of
CVGSM to projected-level conditions. Provided below is the general approach implemented for
the data developmem.

Step 1: Master File. A master file is assembled consisting of:

1. PROSIM project and non-project deliveries
2. PROSIM project and non-project demands
3. SANJASM deliveries
4. Historical SW diversions (Tulare Basin Stream)
5. Minimum Groundwater pumping (CVGSM)
6. Recoverable Loss (CVGSM)
7. Non-recoverable loss (CVGSM)

Using the master file, surface water diversion data is developed consistem with CVGSM input
data requirements. This process and related assumptions are summarized in the steps below, as
follows:

¯ Step 2 PROSIM to CVGSM
¯ Step 3 SANJASM to CVGSM
¯ Step 4 Tulare Basin to CVGSM
¯ Step 5 Special Circumstances

Steps 2 through 5 are briefly summarized below.

STEP 2a: Converting PROSIM Data. The physical relationship between PROSIM node
deliveries and specific diversions in CVGSM were developed. This included identifying the CVP
project deliveries at a PROSIM node and the corresponding CVP project diversions represented
in CVGSM, and the non-project deliveries at a PROSIM node and the corresponding local stream
diversions and imports represented in CVGSM. Figure III-3 is a conceptualization of the
relationship between PROSIM deliveries at a node and CVGSM diversions. In this simple
example, PROSIM project deliveries would correspond to CVGSM diversions 1, 2, and 3 along
the mainstem shown in Figure III-3. PROSIM non-project deliveries would generally correspond
to the local surface water supplies shown in Figure 111-3 as CVGSM surface water supplies 4, 5,
6, and 7. Table 111-3 shows the relationship between PROSIM diversion nodes, SANJASM
diversion nodes, and corresponding CVP, SWP and Non-Project CVGSM diversions.
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TABLE 111-3
SURFACE WATER DIVERSIONS RELATIONSHIP TABLE

Diversion PROSlM SANJASM
Specification SEQ FILE NO. WATER DIVERSION DIVERSION

Number CVGSM HISTORICAL DIVERSION DATA DESCRIPTION (CNJSWDV1 USE NODE NODE

1 WHISKEYTOWN CONDUIT (TOTAL) 1 AG 5 NA
CLEAR CREEK SOUTH UNIT

2 DELLA VISTA CONDUIT (TOTAL) 2 AG 5 NA
cow CREEK UNIT

3 HISTORICAL DIVERSIONS FROM SACRAMENTO RIVER 3 AG 5 NA
BETVVEEN KESWlCK AND RED BLUFF (RIPARIAN)

!HISTORICAL DIVERSIONS FROM SACRAMENTO RIVER 3 AG 5 NA
8ETVVEEN KESWlCK AND RED BLUFF/RIPARIAN)

4 CORNING CANAL (TOTAL) 4 AG 8 NA
5 STONY CREEK (TOTAL FOR NORTH AND SOUTH 5 AG 6 NA

CANALS)

6 TEHAMA-COLUSA CANAL TO DSA 10 (IRRIGATION 6 AG 8 NA
SUPPL~

7 TEHAMA-COLUSA CANAL TO DSA 12 (IRRIGATION 7 AG 9 NA
SUPPLY)

8 GLENN COLUSA CANAL (TOTAL) 8 AG 9 NA
9 HISTORICAL DIVERSIONS FROM COLUSA BASIN 9 AG 9 NADRAIN FOR IRRIGATION SUPPLY

1 0 DSA 12 SACRAMENTO RIVER RIGHT BANK 10 AG 9 NA
DIVERTERS

11 DSA 10 HISTORICAL DIVERSIONS FROM 11 AG 6 NASACRAMENTO RIVER BETWEEN RED BLUFF AND ORD
FERRY (RIPARIAN)

12 TARR DITCH 12 AG 12 NA
13 HISTORICAL DIVERSIONS FROM BEAR RIVER BY 13 AG 12 NA

CAMP FAR WEST ID(Northside)

14 MIOCENE, AND WlLENOR CANALS (TOTAL) 14 M&I 12 NA

15 PALERMO CANAL (TOTAL) 15 AG 12 NA
16 FORBESTOWN (OROVlLLE-WYANDOTTE) DITCH 16 AG 12 NA

(TOTAL)
1 7 MINERS RANCH CANAL (IRRIGATION ONLY) 1 7 AG 12 NA

18 DSA 69 HISTORICAL DIVERSIONS FROM FEATHER 18 AG 12 NA
RIVER

1 8 DSA 70 FEATHER RIVER LEFT BANK DIVERSIONS 19 AG 12 NA
19 HISTORICAL DIVERSIONS FROM YUBA RIVER 21 AG 12 NA

(RIPARIAN)

20 SOUTH SUTTER DIVERSIONS EXPORTED TO DSA 70 22 AG 13 NA
21 DSA 70 DIVERSIONS FROM SAC RIVER BETVVEEN 23 AG 13 NA

KNIGHTS LANDING AND SAC (RIPARIAN - NOT
INCLUDING CITY OF SAC)

21 DSA 65 SACRAMENTO RIGHT BANK DIVERSIONS 24 AG 50 NA
BETWEEN KNIGHTS LANDING AND SACRAMENTO

21 DSA 55 SACRAMENTO RIVER LEFT BANK DIVERSIONS 25 M&I 17 NABETVVEEN KNIGHTS LANDING AND SACRAMENTO
(CITY OF SACRAMENTO)

22 BOARDMAN CANAL 27 M&I 13 NA
23 BEAR RIVER CANAL LESS SOUTH CANAL EXPORT TO 28 M&I 13 NA

DSA 22

24 HISTORICAL CANAL- COMBIE (GOLD HILL) CANAL 29 M&I 13 NA
(TOTAL)

25 AMERICAN RIVER - N. FORK, NATOMAS, & FOLSOM 30 M&I 14 NA
PUMPS

CVGSM M/M 111-17 September 1997

C--083701
C-083701



Draft PEIS Application to the PEIS

TABLE 111-3 (CONTINUED)

Diversion PROSIM SANJASM
Specification SEQ FILE NO. WATER DIVERSION DIVERSION

Number CVGSM HISTORICAL DIVERSION DATA DESCRIPTIONICNJSWDVl USE NODE NODE

26 AMERICAN RIVER CARMICHAEL WD 31 M&I 16 NA
27 KNIGHTS LANDING RIDGE CUT FOR IRRIGATION 32 AG 50 NA

SUPPLY

28 CLEAR LAKE RESERVOIR (TOTAL) 34 AG N/A NA
29 CAPAY IRRIGATION (TOTAL) 35 AG 50 NA
30 DSA 65 HISTORICAL DIVERSION - PUTAH SOUTH 36 AG 50 NA

CANAL/TOTAL)

31 FOLSOM SOUTH CANAL (TOTAL) 37 AG 15 NA

32 AMERICAN RIVER LEFT BANK DIVERSION BY CITY OF 38 M&I 16 NA
SACRAMENTO

33 HISTORICAL DIVERSIONS FROM COSUMNES RIVER 39 AG NA 185
/RIPARIAN)

34 HISTORICAL DIVERSIONS FROM MOKELUMNE RIVER 40 AG NA 180, 179
/RIPARIAN)

35 HISTORICAL DIVERSIONS FROM CALAVERAS RIVER 41 M&I NA 140, 135
/RIPARIANI

36 HISTORICAL DIVERSIONS SAN JOAQUIN RV- FREM. 42 AG NA 125, 120,
FORD TO VERN. (RIPARIAN)

95
36 HISTORICAL DIVERSIONS SAN JOAQUIN RV - FREM. 42 AG " NA 125, 120,

FORD TO VERN. (RIPARIAN) 96
36 HISTORICAL DIVERSIONS SAN JOAQUIN RV- FREM. 42 AG NA 125, 120,

FORD TO VERN. (RIPARIAN) 97
36 HISTORICAL DIVERSIONS SAN JOAQUIN RV- FREM. 42 AG NA 125, 120,

FORD TO VERN. (RIPARIAN)
98

37 DMC DIVERSIONS TO DSA 49A (ACCOUNTS FOR ALL 43 AG 45, 47, 53 N/A
DMC WATER FOR CVGSM) + ONEIL TO MENDOTA

POOL(DMC) + LOWER DMC EXCHANGE
CONTRACTORS(CClD)

38 MENDOTA POOL DELIVERIES TO DSA 49A + MENDOTA 45 AG 48+54(.86) N/A
POOL DELIVERIES USERS wNAR. DEF. CRITERIA

38 MENDOTA POOL DELIVERIES TO DSA 49D + MENDOTA 46 AG 48+54(.06) N/A
POOL DELIVERIES USERS wNAR. DEF. CRITERIA

38 MENDOTA POOL DELIVERIES TO DSA 60A + MENDOTA 47 AG 48+54(.01) N/A
POOL DELIVERIES USERS wNAR. DEF. CRITERIA

38 MENDOTA POOL DELIVERIES TO DSA 60B + MENDOTA . 48 AG 48+54(.07) N/A
POOL DELIVERIES USERS wNAR. DEF. CRITERIA

39 ONIELL FOREBAY DELIVERIES TO SAN LUIS WD (DSA 50 AG 35 N/A
49A)

40 HISTORICAL DIVERSION - SAN LUIS CANAL TO SAN 51 AG 35 N/A
LUIS WATER DISTRICT (DSA 49A)

40 HISTORICAL DIVERSION- SAN LUIS CANAL TO 52 AG 35 N/A
PANOCHE WATER DISTRICT (DSA 49A)

40 HISTORICAL DIVERSION - SAN LUIS CANAL 53 AG 35 N/A
DELIVERIES TO PACHECO WD/DSA 49A)

40 HISTORICAL DIVERSION - SAN LUIS CANAL TO 54 AG 35 N/A
WESTLANDS WATER DISTRICT/DSA 60AI

40 HISTORICAL DIVERSION- SAN LUIS CANAL 55 AG (a) N/A
DELIVERIES TO PLEASANT VALLEY WD (DSA 60A)

40 HISTORICAL DIVERSION- SAN LUIS CANAL 56 AG (a) N/A
DELIVERIES TO GREEN VALLEY (DSA 60B)

40 HISTORICAL DIVERSION- SAN LUIS CANAL 57 AG (a) N/A
DELIVERIES TO KINGS COUNTY WD/DSA 60B!

40 HISTORICAL DIVERSION - SAN LUIS CANAL 58 AG (a) N/A
DELIVERIES TO LAKESIDE ID (DSA 60E)
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TABLE 111-3 (CONTINUED)

Diversion PROSIM SANJASM
Specification SEQ FILE NO. WATER DIVERSION DIVERSION

Number CVGSM HISTORICAL DIVERSION DATA DESCRIPTION ICNJSWDVI USE NODE NODE

40 HISTORICAL DIVERSION- SAN LUIS CANAL 59 AG (a) N/A
DELIVERIES TO PIXLEY ID (DSA 60E)

40 HISTORICAL DIVERSION- SAN LUIS CANAL 60 AG (a) N/A
DELIVERIES TO CAWELLO WD IDSA 60G)

41 HISTORICAL DIVERSION - SOUTH SAN JOAQUIN 62 AG N/A 150, 155,
CANAL NEAR KNIGHTS FERRY (TOTAL) 160, 165

42 HISTORICAL DIVERSION- OAKDALE CANAL NEAR 63 AG N/A 110
KNIGHTS FERRY/TOTAL!

43 HISTORICAL DIVERSIONS FROM STANISLAUS RIVER 64 AG N/A 115
(RIPARIAN)

44 HISTORICAL DIVERSION - MODESTO CANAL 65 AG N/A 80
DIVERSION FROM TUOLUMNE RIVER (TOTAL)

45 HISTORICAL DIVERSIONS FROM TUOLUMNE RIVER 66 AG N/A 90
ITOTAL RIGHT BANK RIPARIAN)

45 HISTORICAL DIVERSIONS FROM TUOLUMNNE RIVER 67 AG N/A 90
/TOTAL LEFT BANK RIPARIAN!

46 HISTORICAL DIVERSION- TURLOCK CANAL 69 AG N/A 85
DIVERSION FROM TUOLUMNE RIVER (TOTAL)

47 HISTORICAL DIVERSION - MERCED ID NORTHSIDE 70 AG N/A 50
CANAL FROM MERCED RIVER/TOTAL)

48 HISTORICAL DIVERSIONS FROM MERCED RIVER 71 AG N/A 55
(TOTAL RIGHT BANK RIPARIAN)

48 HISTORICAL DIVERSION FROM MERCED RIVER 72 AG N/A 55
/TOTAL LEFT BANK RIPARIAN)

49 HISTORICAL DIVERSION - MERCED ID MAIN CANAL 74 AG N/A 50
FROM MERCED RIVER ITOTAL)

50 USBR TOTAL DELIVERIES TO MADERA CANAL AT 75 AG N/A 25, 35
FRIANT DAM

51 CHOWCHILLA RIVER DIVERSIONS 76 AG N/A 35
52 MADERA ID ESTIMATED HISTORICAL DIVERSIONS 77 AG N/A 25

FROM FRESNO RIVER

53 HISTORICAL DIVERSIONS SAN JOAQUIN RIVER - 78 AG N/A 10
FRIANT TO GRAVELLY FORD IRIPARIAN)

54 FRIANT-KERN CANAL TO SUBREGION 60g (MONTHLY 79 AG N/A 5
DATA)

54 FRIANT-KERN CANAL TO SUBREGION 60C (MONTHLY 80 AG N/A 5
DATA)

54 FRIANT-KERN CANAL TO SUBREGION 60D (MONTHLY 81 AG N/A 5
DATA)

54 FRIANT-KERN CANAL TO SUBREGION 60E (MONTHLY 82 AG N/A 5
DATA)

54 FRIANT-KERN CANAL TO SUBREGION 60F (MONTHLY 83 AG N/A 5
DATA)

54 FRIANT-KERN CANAL TO SUBREGION BOG (MONTHLY 84 AG N/A 5
DATA)

54 FRIANT-KERN CANAL TO SUBREGION 60H (MONTHLY 85 AG N/A 5
DATA)

55 KINGS RIVER- FRESNO DIVERSIONS (60C)(INCLUDES 87 AG N/A N/A
FKC DELIVERIES TO FRESNO IO VIA KINGS RIVER

WASTEWAY)
56 KINGS RIVER - CONSOLIDATED 88 AG N/A N/A

DIVERSIONS(INCLUDES FKC DELIVERIES TO
CONSOLIDATED ID VIA KINGS RIVER WASTEWAY)

57 KINGS RIVER- ALTA DIVERSIONS(INCLUDES FKC 89 AG N/A N/A
DELIVERIES TO ALTA ID VIA KINGS RIVER

WASTEWAY)
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TABLE 111-3 (CONTINUED)

Diversion PROSIM SANJASM
Specification SEQ FILE NO. WATER DIVERSION DIVERSION

Number CVGSM HISTORICAL DIVERSION DATA DESCRIPTION ICNJSWDVI USE NODE NODE

58 (KINGS RIVER-60B DIVERSION(INCLUDES FKC 90(122) (b) AG N/A N/ADELIVERIES TO SUBREGION 60B VIA KINGS RIVER
WASTEWAY)(NOTE: FRESNO SLOUGH IMPORTS

WERE REMOVED) (UPDATED VERSION: Kings River -
Diversion A! (b/

58 (UPDATED VERSION: South Fork Kings River- Diversion (123) (b) AG N/A N/A

58 (UPDATED VERSION: North Fork Kings River- Diversion (124) (b) AG N/A N/A
C! /

b)

59 HISTORICAL DIVERSION KAWEAH RIVER- PARTITION 91 AG N/A N/A
A

60 HISTORICAL DIVERSION KAWEAH RIVER - PARTITION 92 AG N/A N/AB
61 HISTORICAL DIVERSION KAWEAH RIVER- PARTITION 93 AG N/A N/Ac
62 HISTORICAL DIVERSION KAWEAH RIVER - PARTITION 94 AG N/A N/A

63 KAWEAH RIVER TO CORCORAN iD 95 AG N/A N/A
64 TULE RIVER RIPARIAN - RECORDED AND ESTIMATED 96 AG N/A N/A
65 HISTORICAL DIVERSION- CALIFORNIA AQUEDUCT TO 97 AG 36 N/A

DSA SUBREGION 60B

65 : HISTORICAL DIVERSION - CALIFORNIA AQUEDUCT TO 98 AG 36 N/A
DSA SUBREGION 60F

65 i HISTORICAL DIVERSION- CALIFORNIA AQUEDUCT TO 99 AG 38, 39 N/A
DSA SUBREGION 60H

66 Historic Diversions - Cross Valley Canal to 60F 100 AG 37 N/A
67 Historic Diversions - Cross Valley Canal to 60G 101 AG 37 N/A
68 HISTORICAL DIVERSIONS- CROSS VALLEY CANAL TO 102 AG 37 N/A

60H
69 KERN RIVER TO SUBREGION 60F (IRRIGATION 103 AG N/A N/A

SUPPL~

70 KERN RIVER TO SUBREGION 60G (IRRIGATION 104 AG N/A N/A
SUPPLY~

71 KERN RIVER TO SUBREGION 60H (IRRIGATION 105 AG N/A N/A
SUPPLY)

72 KERN RIVER TO SUBREGION 60F (SPREADING 106 AG N/A N/A
OPERATIONS)

73 KERN RIVER TO SUBREGION 60G (SPREADING 107 AG N/A N/A
OPERATIONS)

74 KERN RIVER TO SUBREGION 60H (SPREADING 108 AG N/A N/A
OPERATIONS!

75 DSA 55 ESTIMATED TOTAL DIVERSION 114 AG 28 N/A
76 DSA 15 HISTORICAL DIVERSIONS FROM 122 AG 7 N/A

SACRAMENTO RIVER BETWEEN ORD FERRY AND
KNIGHTS LANDING (RIPARIAN!

76 DIVERSIONS FROM SACRAMENTO RIVER BETWEEN 122 AG 7 N/A
ORD FERRY AND KNIGHTS LANDING/RIPARIAN)

77 CENTRAL SAN JOAQUIN AND STOCKTON EAST wg 124 AG N/A 155
ROM STANISLAUS RIVER

78 CALIF. AQED TO OAK FLAT W IN DSA 49A 123 AG 32 N/A
79 SAN JOAQUIN RIVER BETWEEN MENDOTA AND 125 AG N/A 40

MERCED CONFLUENCE/RIPARIAN!

80 SUPPLY FROM MODESTO CANAL 126 AG N/A 80
81 SUPPLY FROM TURLOCK CANAL 127 AG N/A 85
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TABLE 111-3 (CONTINUED)

Diversion PROSlM SANJASM
Specification SEQ FILE NO. WATER DIVERSION DIVERSION

Number CVGSM HISTORICAL DIVERSION DATA DESCRIPTION ICNJSWDVI USE NODE NODE

82 SUPPLY FROM OAKDALE 128 AG N/A 150
82 SUPPLY FROM SOUTH SAN JOAQUIN MAIN CANAL 129 AG N/A 165
83 SUPPLY FROM STANISLAUS RIVER 130 AG N/A 155
83 SUPPLY FROM STANISLAUS RIVER 131 AG N/A 160
84 GLENN COLUSA CANAL (TOTAL) 8 AG 9 N/A
85 DIVERSION B FROM SOUTH FORK KINGS RIVER 133 AG N/A N/A
86 DIVERSION C FROM NORTH FORK KINGS RIVER 134 AG N/A N/A
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Step 2b: Converting PROSIM Data (Project Deliveries). PROSIM CVP project
deliveries are assumed to represent "true" surface water deliveries. This is consistent with the
basis by which CVP project demands are developed for PROSIM (ie, contract amounts for CVP
contractors aggregated by PROSIM node).

In general, CVGSM represents CVP project deliveries consistent with PROSIM’s representation
in one of two cases. The two cases that occur are:

Case 1: PROSIM CVP project delivery at a node is represented in CVGSM as a single
diversion. In this situation, the PROSIM delivery is used directly by CVGSM.

Case 2: PROSIM CVP project delivery at a node is represented in CVGSM by several
diversions. In this situation, the PROSIM delivery is prorated to each of the corresponding
CVGSM diversions based on the contract amount subtotal corresponding to each of these
diversions.

STEP 2c: Converting PROSIM Data (Non-Project Deliveries). PROSIM non-project
demands consist of the remainder of the "net demand" after CVP project demands are
removed. The term "net demand" refers only to the water requirement associated with
water leaving the basin; "net demand" does not include conveyance seepage and deep
percolation losses that are assumed to be "recoverable" within the basin. This fact
distinguishes "net demand" from "true demand" (sometimes referred to as "applied
water demand"). These non-project net demands are always met by PROSIM, and
consist of local supplies available to the basin (ie, local streams, imports, and
groundwater).

In general, CVGSM represents these local supplies as individual sources, such as
diversions from a local stream, specific imports from outside the region, and total
groundwater pumping in the region. In addition, CVGSM requires "true" deliveries.

To translate PROSIM non-project net deliveries to CVGSM surface water diversions requires
four steps:

Step (i): Convert "net" deliveries to "true" deliveries
Step (ii): Separate "true" deliveries into diversions, imports and pumping
Step (iii): Distribute surface water delivery for the region to individual surface water

diversions from local streams and specific imports, consistent with CVGSM’s
representation

Step (iv) Adjust the individual surface water diversions and imports down so that the
individual annual averages match recent historical annual averages

Step (i). Use the following relationships to convert "net" demands to "true" demands:
Net Demand = CUAW/Basin Efficiency
True Demand -- CUAW/Irrigation Efficiency
(or applied water)
Solving for true demand (or applied water):
True Demand = (B.E./I.E.)*Net Demand
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Step (ii). Estimating the portion of non-project true demands that were met by surface water
diversions and imports is complicated by the fact that the amount of groundwater pumping is
not known explicitly in PROSIM. For this reason an estimate of minimum groundwater
pumping is made and used as an initial conservative approximation. Corrections associated
with this approach are made in subsequent steps.

Since true demand (or applied water) can be represented as:
Applied Water Demand = Surface Water Supplies

+ Groundwater Pumping
Recoverable and Non-Recoverable Losses

Recognizing that surface water supplies consists of non-project surface water supplies and CVP
project surface water supplies reveals:

Non-Project True Surface = (B.E./I.E.) * Net Demand
Water Supplies              CVP Project Demands

- Groundwater Pumping
+ Recoverable and Non-Recoverable Losses

Step (ii0. The converted non’-project true surface water supplies represents the regions local
surface water supply corresponding to the given PROSIM node. CVGSM generally
represents local surface water supplies on an individual basis. The converted PROSIM supply
is prorated to these individual supplies based on recent historical annual averages (1971 to
1980).

Step (iv’). Because a conservative estimate of groundwater pumping was used in (ii) above,
the prorated surface water supplies from (iii) above must be adjusted downward. This is
accomplished by targeting the recent historical annual averages for each individual surface
water diversion, and multiplying the computed surface water diversion by the ratio of the
recent historical annual average to the long-term computed annual average. These adjustments
are only made if the long-term annual~average of the computed surface water diversion
exceeds the recent historical annual average. This refinement process keeps non-project
surface water diversions from becoming unrealistically high.

STEP 3: Cony’erring SANdASM Data. Similar to step 2b, the physical relationship between
SANJASM nodes and corresponding CVGSM surface water diversions (Figure III-4) were
defined as shown in Table III-3. Similar to step 2b, SANJASM project deliveries represent "true"
surface water deliveries. A significant difference from PROSIM occurs here, however, since
SANJASM non-project surface water deliveries are also "true" deliveries. SANJASM does not
operate on the basis of"net" demand as does PROSIM and subsequently a step 2c transformation
is not required for SANJASM. SANJASM’s representation of surface water diversions is very
similar to CVGSM’s representation. In the few instances where a SANJASM surface water
delivery must be divided into two or more CVGSM surface water diversions, the SANJASM
diversion is prorated based on recent historical annual averages associated with the CVGSM
diversions.
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STEP 4: Tulare Basin Streams. Several streams and their corresponding surface water
diversions are not represented in PROSIM or SANJASM, including:

¯ Kings River
¯ Kaweab/St. Johns River
¯ Tule River
¯ Kern River

The modeling focus of the PEIS on streams tributary to the Delta prevents detailed consideration
of the above streams. Because of the complex water rights characteristics on these streams, it is
out of the PEIS scope to separately model them. For the purposes of the PEIS, it was assumed
that historical surface water diversions would be used on these streams. This is a reasonable
approximation since surface water supplies in these areas have been extensively utilized since the
late 1930’s to early 1940’s, and changes resuking from alternatives evaluated under the PEIS
would not affect the local surface water operations in this region. The reservoir facilities on these
streams are generally operated independently of surface water facilities linked to the Delta. The
PEIS analysis will not change the operational requirements for these streams.

STEP 5: Special Circumstances. PROSIM deliveries for local Delta requirements are only
available as total CU required for Delta demands. An approximation of local surface water
diversions in the Delta (CVGSM subregion 9) was made based on calculated CUAW, irrigation
efficiency, and estimated groundwater pumping in the region.

For CVGSM subregion I PROSIM provides CVP project surface water deliveries from PROSIM
node 5. These deliveries include significant quantities of water that never reach the farm, and
apparently are required for purposes of transporting the project water to the farming areas. The
transport water runs parallel with the Sacramento River and eventually returns to the river.
Hence, the stream diversion used in PROSIM is reduced to represent actual water for crop needs.
This is accomplished by calculating the required surface water diversion based on the irrigation
applied water requiremem, groundwater pumping, and conveyance losses.

DATA POST-PROCESSORS

,Surface Water Deliveries Data Post-Processor

The Surface Water Delivery processor creates tables that presem the amount of surface water
applied to agricultural uses. This processor differemiates between water to be used by the CVP
users, SWP users, or by Non-Project (NP) users.

CVGSM produces a file for each alternative that comains estimated surface water deliveries,
including deliveries for both municipal and agricultural uses. This file is a derivative of a Master
file that, for each alternative, comains deliveries for each PROSIM and SANJASM node. The
Surface Water Delivery processor separates the estimated total surface water delivered to the
CVP, SWP and NP users by taking the corresponding PROSIM and SANJASM node deliveries
and reducing by a factor to account for minor conveyance and seepage losses. This information is
produced in a file that contains for each subregion, the estimated amount of surface water
delivered each momh for the emire 69-year study period for each of the three types of users. The
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estimated amount of water applied for mtmicipal uses is found in the Master file and is the same
for most of the alternatives. The amount of surface water applied to refuges is estimated in
PROSIM for each alternative. The Surface Water Delivery processor subtracts both the
estimated amount of water applied for municipal and refuge uses fi:om the estimated total amount
of surface water delivered to obtain the estimated surface water applied to agricultural uses for
the CVP, SWP, and NP users. This estimated amount of surface water applied for agricultural
uses is presented in a yearly format by subregion for the years 1922-1990 for CVP users, SWP
users, and NP users.

The estimated amount of surface water applied for municipal uses found in the Master file for
each alternative is passed on to the Groundwater Pumping processor to help in determining the
estimated groundwater pumping for agricultural uses. Surface water deliveries in excess of DWR
Bulletin 160-93 land-use based agricultural demands are also developed as part of this process
and are provided for the economics analysis

Groundwater Pumping Data Post-Processor

For CVGSM, the amount of groundwater pumped represents the amount of water needed for
agricultural and urban demands that could not be met by the supply of surface water for each of
the alternatives. The Groundwater Pumping processor produces tables that represent the
simulated amount of groundwater pumped for both agricultural uses and for municipal uses. This
information is in the form of monthly tables and yearly averages for each subregion. The amount
of groundwater pumped for municipal uses is also presented in averages for each subregion over
the entire model simulation period, and over a dry and wet period. The total amount of
groundwater pumped each year is based on crop acreage and irrigation efficiency fi:om CVPM
simulation of each alternative.

The estimated amount of groundwater pumped for agricultural uses is defined as the simulated
total groundwater pumped- (projected urban demand - estimated urban surface water applied).
The projected urban demand is held constant throughout the simulation period for each
alternative. The simulated total groundwater pumped, the projected urban demand, and the
estimated applied surface water data are all in sequential format by subregion for each of the 69
years in the simulation period. The amount of groundwater pumped for agricultural uses
produced by the Groundwater Pumping processor is presented in a monthly table for each of the
21 subregions and also in a yearly total for each subregion over the simulation period.

The estimated amount of groundwater pumped for urban uses is the estimated total groundwater
pumped minus the estimated groundwater pumped for agricultural uses. The Groundwater
Pumping processor presents this data in a monthly table by subregion, for the entire simulation
period. The estimated groundwater pumped for urban uses for a wet period was obtained by
taking the estimated groundwater pumped for urban uses for the years 1967-1971 for each
subregion. The years 1928-1934 are used to represent a dry period during the model simulation.

Depth to Groundwater Data Post-Processor

The Depth to Groundwater processor represents the average depth to the groundwater table in
each of the subregions for each year within the 69-year simulation period, and an average depth to
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the groundwater table for each subregion over the entire simulation period. This average also
includes the average depth to the groundwater table for specific wet and dry periods that occurred
within the simulation period.

CVGSM produces simulated groundwater elevations for each of the alternatives during the third
step processes. For each alternative, these simulated elevations are based on the groundwater
budgets in each subregion that simulate the change in groundwater storage. In areas within each
subregion where groundwater pumping occurs, the groundwater elevations will be lower due to
the cone of depression produced by the pumping. CVGSM calculates a weighted simulation of
groundwater elevations in these areas of pumping.

The Depth to Groundwater processor takes the average piezometric groundwater levels for layers
1, 2, and 3, produced by CVGSM and converts the data into differences in elevation from the
ground surface to the surface of the average groundwater level. These differences are reported in
two forms; an average depth to the groundwater table surface for each subregion for each of the
69 years of the simulation, and the average depth to the groundwater table surface for each
subregion over the entire simulation period, and for a specific wet period (1967-1971) and a
specific dry period (1928-1934). The average piezometric groundwater levels produced by
CVGSM are based on an average subregion groundwater level for each of the three layers, the
average of which is then taken to produce a single average groundwater level for the subregion.

Groundwater Elevation Contouring Post-Processor

For the purposes of PEIS groundwater impact assessment groundwater information, post-
processed from CVGSM output, is presented graphically in the form of groundwater elevation
contours and groundwater elevation difference maps. These maps are based directly on
simulation results at each of the 1,393 groundwater model nodes. The post-processing mapping
program reads the layer 1 and layer 2 simulation results at each node, and then averages the two
values to get the plot value at each node. If layer 2 does not exist at a given node (i.e. in the
vicinity of the valley edge where the layer may be pinched out), then the layer 1 node value is
used. If for a given node layer 1 is dry, then the layer 2 node value is used. If for a given node
layer 1 and layer 2 are dry, then the plot value at the node is set to null. The resulting nodal
values are passed to a plotting routine, which produces contours that honor the values at all 1,393
nodes.

RECENT MODIFICATIONS TO CVGSM

LAND SUBSIDENCE SIMULATION

A separate CVGSM module was developed for the purposes of estimating the potential for land
subsidence in the Central Valley due to groundwater level decline. This land subsidence module
can be used to compare the amount of land subsidence resulting from a given alternative in
comparison to a base case simulation. The land subsidence calibration has reached an interim
stage, which currently provides reasonably accurate regional results. This modeling effort was
conducted using an expanded version of CVGSM that runs on the newest version of the IGSM
code. Absolute references to land subsidence cannot be reported for assessing the occurrence of
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land subsidence; only relative comparisons should be summarized. Attachment C provides a
detailed discussion of the development and calibration of land subsidence in the Central Valley.

OTHER MODIFICATIONS TO CVGSM

Since the original completion of CVGSM in 1990, various updates to the model code and
extensions to data sets have occurred in an effort to continually improve CVGSM. However, no
additonal calibration of groundwater levels or strearnflows since the 1990 effort has been formally
adopted (calibration of simulated land subsidence is discussed in Attachment C). Model
refinements since 1990 are listed here:

¯ Friant EIS Study (pending): Data extended in the San.Joaquin Valley to 1990, and partially in
Sacramento Valley to 1990.

¯ CVPIA PEIS: The following enhancements to CVGSM data have been completed:
- San Joaquin Valley west side tile drainage;
- Kings River surface water diversions;
- Stony Creek stream parameters; and
- Small stream watershed boundary conditions;

These updates and other ongoing efforts continue to improve the capabilities of CVGSM.

ASSUMPTIONS AND MODELING PROCEDURES FOR THE PEIS

In general, the methodologies used in the data pre- and post-processors described above apply to
all of the PEIS alternatives, although some variation in the methodologies and applications of the
processors were necessary to accommodate the specific criteria of each alternative. The following
is a description of the major assumptions and modeling process used in each alternative.

NO-ACTION ALTERNATIVE SIMULATION BY CVGSM

No-Action Alternative Assumptions

The No-Action Alternative is the base condition for the PEIS alternatives analyses and represents
conditions in the future assuming a projected 2022 level of development without implementation
of CVPIA. For the purposes of this study it is assumed that 2022 projected-level conditions are
represented by a 2020 level of development. The data used in the simulation were summarized
previously. Variations on this data and major assumptions affecting the simulation of the No-
Action Alternative by CVGSM are summarized below.

Static Land Use Condition:

¯ A 2020 level of land use development is assumed, and is held constant over the 1922 to 1990
hydrologic period.
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Rim Inflows and Minimum Instream Flows:

¯ Rim inflows for streams explicitly modeled by PROSIM and SANJASM are based on
simulated reservoir releases from these models.

¯ Rim inflows for streams not explicitly modeled by PROSIM or SANJASM are based on DWR
Depletion area modified outflows for 2020 C9A hdyrology or historical gaged flows for areas
with little development or areas not included in Depletion Analysis studies.

¯ Minimum instream flow requirements are provided by PROSIM and SANJASM for streams
explicitly simulated by these models. The only exception to this is on the Yuba River, where
State Water Resources Control Board minimum instream flow requirements apply.

Agricultural and Urban Land Use and Demands:

¯ Agricultural and urban land use and demands are based on 2020 projections developed by
DWR for Bulletin 160-93. DWR projections assume 45,000 acres of land retirement for areas
of poor drainage conditions, based on recommendations of the San Joaquin Valley Drainage
Program 1990 Plan of Action.

¯ Irrigation efficiency for 2020 projected-level conditions were assumed to be the same as 1995
conditions. For Bulletin 160-93 DWR reported agricultural demands for both Level 1
conservation in place and without. Level 1 conservation assumes various agricultural
programs are in place, however at the time of publication of the bulletin these agricultural
programs were not firmly established and were only in a working phase. This preliminary
status does not meet the No-Action Alternative criteria adopted for the PEIS.

¯ For 2020 projected-level conditions urban level 1 conservation was assumed to be in place.
These conservation programs, as noted by DW1L are formalized with extensive
documentation and adoption of certain measures as outlined in BMP’s.

¯ Refuge demands are based on refuge deliveries simulated by PROSIM and SANJASM. These
deliveries are added to the agricultural demands for consistency with surface water supplies
(see below).

¯ Subsequent CVGSM iterations with the Central Valley Production Model (CVPM) utilize the
agricultural acreage and irrigation efficiency from the agricultural economics modeling
analysis.

Surface Water Supply:

¯ Surface water diversions are derived from PROSIM and SANJASM deliveries. Surface water
diversions for other streams not covered by the surface water models were estimated based on
recent historical surface water diversion data.

¯ Refuge supplies, imbedded in PROSIM and SANJASM surface water deliveries, are delivered
to CVGSM subregions along with agricultural and urban supplies. Similar to surface water
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diversions for agricultural purposes, the refuge deliveries are distributed within each subregion
based on agricultural irrigation requirements.

Groundwater Pumping:

¯ Groundwater pumping was estimated by CVGSM, and was calculated based upon assumed
minimum groundwater pumping levels, surface water supplies, and corresponding agricultural
and urban demands. (The groundwater pumping distribution between modeled groundwater
layers is assumed to be the same as developed for the calibrated model).

¯ Consistent with current California Law governing groundwater usage in the Central Valley,
there are no restrictions placed on groundwater pumping under these conditions.

¯ Any demands not met by surface water supplies specified on input are assumed to be met by
groundwater pumping.

¯ A minimum groundwater pumping contraint is imposed based on an estimate of recent base
pumping levels, augmented by the incremental increase between 1995 and 2020 in urban
demands on groundwater.

No-Action Alternative Simulation Process

A multi-step approach is required in order to successfully incorporate the PEIS assumptions into
the No-Action Alternative conditions. Several processing sequences were developed to run in
tandem with CVGSM to aid in implementing the simulation requirements consistently between
different modeling conditions. The No-Action Alternative operates under a unique set of
simulation process criteria that differ somewhat from the process criteria for the PEIS
alternatives. The detailed modeling procedure is summarized in Attachment A under PEIS
CVGSM Base Case Runs. The general steps summarizing CVGSM simulation of the No-Action
Alternative are:

1. Run CVGSM for purposes of developing a groundwater pumping estimate and revised
subregion 1 and 9 surface water delivery using DWR.Bulletin 160-93 demands.

2.Run CVGSM with estimated groundwater pumping (honoring minimum pumping) and
revised surface water deliveries. Increase the agricultural demand in CVGSM to include the
non-consumptive miscellaneous deliveries that are in part of the surface water supply
obtained from PROSIM and SANJASM (additional discussion of non-consumptive
miscellaneous deliveries can be found in Attachment A). This increases the demand so that
the non-consumptive miscellaneous deliveries will contribute to agricultural return and
groundwater deep percolation, rather than leaving the model. Report simulation results for
purposes of assessing groundwater impacts associated with PEIS alternatives.

3.For economic considerations run CVGSM for an additional 69 years of hydrology,
effectively removing any influence of starting groundwater head conditions on long-term
average groundwater levels.
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ALTERNATIVE 1 SIMULATION BY CVGSM

Alternative 1 Assumptions

Water management provisions in Alternative 1 were developed to utili7.e two of the tools
provided by CVPIA, Re-operation and 3406(b)(2) Water Management for purposes of meeting
instream flow requirements for CVP-controlled streams. Surface water deliveries associated with
CVP-controlled streams are generally reduced, as compared to the No-Action Alternative, as a
result of these water management actions. Several other features and assumptions distinguish
Alternative 1 from the No-Action Alternative, and are discussed below.

Static Land Use Condition:

¯ A 2020 level of land use development is assumed, and is held constant over the 1922 to 1990
hydrologic period.

¯ The 2020 crop acreage (and therefore agricultural demand) in subregions 10, 14, 15, 19, and
21 are reduced by about 30,000 acres owing to land retirement, for purposes of improving
drainage problems. Deliveries made by PROSIM are not required to decline in response to the
retired acreage, resulting in reduced demand on groundwater pumping. The 30,000 acre
additional reduction gives a total reduction of 75,000 acres.

Rim Inflows and Minimum Instream Flows. The assumptions for Alternative 1 regarding
rim inflows and minimum instream flows are the same as the No-Action Alternative.

Agricultural and Urban Land Use and Demands. The assumptions for Alternative 1
regarding agricultural and urban land use and demands are the same as the No-Action Alternative
with the exception of the following differences:

¯ Agricultural demands will change as a result of the 30,000 acres of retired lands that are
assumed to be permanently fallowed.

¯ Includes provisions for a firm level 2 water supply (historical average supply) for refuges in
accordance with the Refuge Water Supply Study and San Joaquin Basin Action Plan. These
deliveries are added to the agricultural demands for consistency with surface water supplies
(see below).

Surface Water Supply. The assumptions for Alternative 1 regarding surface water supply are
the same as the No-Action Alternative, except for the affects of additional refuge deliveries and
the following:

¯ Subregion 21 will report the full quantity of surface water deliveries in excess of those
estimated to be required under DWR Bulletin 160-93 demand estimates used in the No-Action
Alternative,because that quantity is considered to be used specifically for groundwater
recharge.
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¯ Refuge supplies, imbedded in PROSIM and SANJASM surface water deliveries, are delivered
to CVGSM subregions along with agricultural and urban supplies. Similar to surface water
diversions for agricultural purposes, the refuge deliveries are distributed within each subregion
based on agricultural irrigation requirements.

Groundwater Pumping. Like the No-Action Alternative, there are no limitations on
groundwater pumping in Alternative 1.

Alternative I Simulation Process

A multi-step approach is required in order to successfully incorporate the PEIS assumptions into
the Alternative 1 conditions. Alternative 1 operates under a different set of simulation standards
than the No-Action Alternative. The actions under Alternative 1 primarily affect CVP-controlled
streams. The detailed modeling procedure is summarize in Attachment A under PEIS CVGSM
Alternatives Runs. Like the No-Action Alternative, several processing sequences were developed
to run in tandem with CVGSM to aid in implementing the simulation requirements consistently for
non-base case model runs. The general steps taken to simulate Alternative 1 were:

1. Run CVGSM for purposes of developing (1) an initial groundwater pumping estimate
using the DWR Bulletin 160-93 2020 projected demand and surface water deliveries from
SANJASM and PROSIM, and (2) developing a subregion-based surface water supply.

2. After revising the initial groundwater pumping estimate to honor minimum groundwater
pumping, and after recalculating the surface water diversions in subregions 1 and 9, rerun
CVGSM with the demand set equal to the supply. This increases the demand so that the
non-consumptive miscellaneous deliveries will contribute to agricultural return and
groundwater deep percolation, rather than leaving the model. This process will not reduce
the demand in Alternative 1, but will do so in some of the other alternatives. (Indicating a
supply shortage, in which case the iteration with CVPM will retire agricultural acreage to
bring supply and demand into agreement). This run that will provides the final groundwater
heads and water budgets for plotting and reporting purposes for the impact assessment.

3. For economic considerations run CVGSM for an additional 69 years of hydrology,
effectively removing any influence of starting groundwater head conditions on long-term
average groundwater levels.

SUPPLEMENTAL ANALYSIS la SIMULATION BY CVGSM

Supplemental Analysis la (Delta Use of 3406(b)(2) water) examines the incremental effects of
using (b)(2) water to meet Delta outflow requiremems, in addition to meeting instream flow
requirements for CVP-controlled streams in Alternative 1. The implication for groundwater
conditions is that (b)(2) water released for instream flow north of Delta cannot be pumped for
south of Delta delivery. In the event this occurs, groundwater pumping would increase to replace
reductions in these deliveries. All remaining assumptions underlying this analysis are the same as
those for Alternative 1, and the simulation process is also the same.
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SUPPLEMENTAL ANALYSIS ld SIMULATION BY CVGSM

Supplemental Analysis ld (Full Refuge Analysis) does not allow any Level 2 refuge shortages.
This change is reflected in CVP deliveries and will also affect the agricultural demand file, as it
augmented by refuge supplies. Streams that are affected are primarily those that are CVP-
controlled. As CVP-based deliveries are reduced, groundwater pumping would increase to replace
these reductions. All remaining assumptions underlying this analysis are the same as those for
Alternative 1, and the simulation process is also the same.

ALTERNATIVE 2 SIMULATION BY CVGSM

Alternative 2 Assumptions

The Alternative 2 conditions are part of a group of alternatives (Altematives 2 through 4) which
include provisions for acquisition of willing seller water. This condition sets these alternatives
apart from the No-Action Alternative and Alternative 1 as discussed below. In addition water is
acquired for level 4 refuges. Primary differences between Alternative 2 and the No-Action
Alternative are highlighted. Where there are no differences in modeling assumptions, please refer
to the No-Action Alternative for details. The actions under Alternative 2 primarily affect CVP-
controlled streams and the Tuolumne and Merced Rivers.

Static Land Use Condition:

¯ A 2020 level of land use development is assumed, and is held constant over the 1922 to 1990
hydrologic period.

¯ In addition to the aforementioned retirement of 30,000 acres of poorly-drained lands, 2020
crop acreage (and therefore Agricultural demand) are reduced in subregions 10, 11, 12, and
13 owing to acquired water provisions activated in this alternative. The reduced crop acreage
is determined through iterative model runs between CVGSM and CVPM (the Central Valley
agricultural Production Model).

Rim Inflows and Minimum Instream Flows. The assumptions for Alternative 2 regarding
rim inflows and minimum instream flows are the same as the No-Action Alternative.

Agricultural and Urban Land Use and Demands. The assumptions for Alternative 2
regarding agricultural and urban land use and demands are the same as the No-Action Alternative
with the exception of the following differences:

¯ Agricultural demands will change as a result of the fallowing of lands associated with areas of
acquired water, plus those lands retired for poor drainage conditions.

¯ Includes provisions for a level 4 requirements. These deliveries are added to the agricultural
demands for consistency with surface water supplies (see below).
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Surface Water Supply. The assumptions for Alternative 2 regarding surface water supply are
the same as the No-Action Alternative, except for the effects of additional refuge deliveries and
the following:

¯ Subregion 21 will report the full quantity of surface water deliveries in excess of those
estimated to be required under DWR Bulletin 160-93 demand estimates used in the No-Action
Alternative, because that quantity is considered to be used specifically for groundwater
recharge.

¯ Refuge supplies, imbedded in PROSIM and SANJASM surface water deliveries, are delivered
to CVGSM subregions along with agricultural and urban supplies. Similar to surface water
diversions for agricultural purposes, the refuge deliveries are distributed within each subregion
based on agricultural irrigation requirements.

Groundwater Pumping. For Alternatives 2 through 4, the estimated Alternative 1
groundwater pumping serves as a limit for those subregions where water acquisitions occur. See
Attachment B for additional explanation regarding the ability to control groundwater pumping
under water acquisition scenarios.

Alternative 2 Simulation Process

The simulation process is the same as Alternative 1. Groundwater pumping is limited to
Alternative 1 levels through the iterative process carried out between CVGSM and CVPM.
Hence, the steps taken here for Alternative 2 are the same as for Alternative I.

ALTERNATIVE 3 SIMULATION BY CVGSM

Alternative 3 Assumptions

The Alternative 3 conditions are essentially a greater extension of Alternative 2 conditions with
regards to water acquisition provisions. This condition sets these alternatives apart from the No-
Action Alternative and Alternative 1 as discussed below. A distinguishing characteristic of
Alternative 3 is the assumption that acquired water entering the Delta can be repumped for
agricultural and municipal purposes. In addition water is acquired for level 4 refuges. Primary
differences bewteen Alternative 3 and the No-Action Alternative are highlighted. Where there are
no differences in modeling assumptions, please refer to the No-Action Alternative for details. The
actions under Alternative 3 primarily affect CVP-controlled streams and Yuba, Calaveras,
Mokelumne, Tuolumne, and Merced rivers.

Static Land Use Condition:

¯ A 2020 level of land use development is assumed, and is held constant over the 1922 to 1990
hydrologic period.

¯ In addition to the retirement 30,000 acres of lands with poorly-drained soils, Alternative 3
2020 crop acreages (and therefore agricultural demands) are reduced in subregions 5, 8, 11,
12, and 13 owing to acquired water provisions activated in this alternative. The reduced crop
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acreage is determine through iterative model runs between CVGSM and CVPM (the Central
Valley agricultural Production Model).

Rim Inflows and Minimum Instream Flows. The assumptions for Alternative 3 regarding
rim inflows are the same as the No-Action Alternative. For streams having minimum instream
flow requirements, the location is the same as the No-Action Alternative, with the exception of
the Merced, Calaveras, and Mokelumne Rivers. Assumptions associated with acquired water for
willing sellers, incorporated into Alternative 3 change the controlling locations on the Merced
River, and add a requirement on the Mokelumne and Calaveras rivers (see Table III-2 and
associated discussions).

Agricultural and Urban Land Use and Demands. The assumptions for Alternative 3
regarding agricultural and urban land use and demands are the same as the No-Action Alternative
with the exception of the following differences:

¯ Agricultural demands will change as a result of the fallowing of lands associated with areas of
acquired water, plus those lands retired for poor drainage conditions.

¯ Includes provisions for a level 4 requirements. These deliveries are added to the agricultural
demands for consistency with surface water supplies (see below).

Surface Water Supply. The assumptions for Alternative 3 regarding surface water supply are
the same as the No-Action Alternative, except for the effects of additional refuge deliveries and
the following:

¯ Subregion 21 will report the full quantity of surface water deliveries in excess of those
estimated to be required under DWR Bulletin 160-93 demand estimates used in the No-Action
Alternative, because that quantity is considered to be used specifically for groundwater
recharge.

¯ Refuge supplies, imbedded in PROSIM and SANJASM surface water deliveries, are delivered
to CVGSM subregions along with agricultural and urban supplies. Similar to surface water
diversions for agricultural purposes, the refuge deliveries are distributed within each subregion
based on agricultural irrigation requirements.

Groundwater Pumping. For Alternatives 2 through 4, the estimated Alternative 1
groundwater pumping serves as a limit for those subregions where water acquisitions occur. See
Attachment B for additional explanation regarding the ability to control groundwater pumping
under water acquisition scenarios.

Alternative 3 Simulation Process

The simulation process is the same as Alternative 1. Groundwater pumping is limited to
Alternative 1 levels through the iterative process carried out between CVGSM and CVPM.
Hence, the steps taken here for Alternative 3 are the same as for Alternative I.
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ALTERNATIVE 4 SIMULATION BY CVGSM

Alternative 4 Assumptions

The Alternative 4 conditions with regards to land retirement and refuge supplies are the same as
Alternative 3. Similar to Alternative 2, acquired water entering the Delta cannot be repumped for
agricultural and municipal purposes, resulting in increased groundwater pumping to replace these
CVP and SWP deliveries. In addition (b)(2) water in-Delta needs are also prescribed under
Alternative 4, further reducing available CVP and SWP deliveries. All remaining assumptions
underlying this analysis are the same as those for Alternative 1

Static Land Use Condition:

¯ A 2020 level of land use development is assumed, and is held constant over the 1922 to 1990
hydrologic period.

¯ In addition to lands retired for poor drainage conditions, Alternative 4 2020 crop acreages
(and therefore Ag demand) are reduced in subregions 5, 8, 11, 12, and 13 owing to acquired
water provisions activated in this alternative. The reduced crop acreage is determine through
iterative model runs between CVGSM and CVPM (the Central Valley agricultural Production
Model).

Rim Inflows and Minimum Instream Flows. The assumptions for Alternative 4 regarding
rim inflows are the same as the No-Action Alternative. For streams having minimum instream
flow requirements, the location is the same as the No-Action Alternative, with the exception of
the Merced, Calaveras, and Mokelumne Rivers. Assumptions associated with acquired water for
willing sellers, incorporated into Altemative 4 change the controlling locations on the Merced
River, and add a requirement on the Mokelumne and Calaveras rivers (see Table III-2 and
associated discussions).

Agricultural and Urban Land Use and Demands. The assumptions for Alternative 4
regarding agricultural and urban land use and demands are the same as the No-Action Alternative
with the exception of the following differences:

¯ Agricultural demands will change as a result of the fallowing of lands associated with areas of
acquired water, plus those land retired for poor drainage conditions.

¯ Includes provisions for a level 4 requirements. These deliveries are added to the agricultural
demands for consistency with surface water supplies (see below).

Surface Water Supply. The assumptions for Alternative 4 regarding surface water supply are
the same as the No-Action Alternative, except for the effects of additional refuge deliveries and
the following:
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¯ Subregion 21 will report the full quantity of surface water deliveries in excess of those
estimated to be required under DWR Bulletin 160-93 demand estimates used in the No-Action
Alternative, because that quantity is considered to be used specifically for groundwater
recharge.

¯ Refuge supplies, imbedded in PROSIM and SANJASM surface water deliveries, are delivered
to CVGSM subregions along with agricultural and urban supplies. Similar to surface water
diversions for agricultural purposes, the refuge deliveries are distributed within each subregion
based on agricultural irrigation requirements.

Groundwater Pumping. For Alternatives 2 through 4, the estimated Alternative 1
groundwater pumping serves as a limit for those subregions where water acquisitions occur. See
Attachment B for additional explanation regarding the ability to control groundwater pumping
under water acquisition scenarios.

Alternative 4 Simulation Process

The simulation process is the same as Alternative 1. Groundwater pumping is limited to
Alternative 1 levels through the iterative process carried out between CVGSM and CVPM.
Hence, the steps taken here for Alternative 4 are the same as for Alternative 1.

CUMULATIVE IMPACT ANALYSIS SIMULATION BY CVGSM

Cumulative Impact Analysis Assumptions

The Cumulative Impact Analysis conditions are similar to Alternative 1, with the exception of
contract entitlements in the Sacramento River service area, which are increased to full contract
levels as part of this analysis. The discussion of impacts associated with this model run are
provided in the PEIS document. They are not discussed in the Groundwater Technical Appendix.
For purposes of emphasizing the major differences between the Cumulative Impact Analysis and
the base case run (the No-Action Alternative), only those assumptions unique to the alternative
are discussed below.

Static Land Use Condition:

¯ A 2020 level of land use development is assumed, and is held constant over the 1922 to 1990
hydrologic period.

Rim Inflows and Minimum Instream Flows. The assumptions for Cumulative Impact
Analysis regarding rim inflows and minimum instream flows are the same as the No-Action
Alternative.

Agricultural and Urban Land Use and Demands. The assumptions for Cumulative
Impact Analysis regarding agricultural and urban land use and demands are the same as the No-
Action Alternative with the exception of the following differences:
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¯ Agricultural demands will change as a result of the 30,000 acres of retired lands that are
assumed to be permanently fallowed.

¯ Includes provisions for a firm level 2 water supply (historical average supply) for refuges in
accordance with the Refuge Water Supply Study and San Joaquin Basin Action Plan. These
deliveries are added to the agricultural demands for consistency with surface water supplies
(see below).

Surface Water Supply. The assumptions for Cumulative Impact Analysis regarding surface
water supply are the same for the No-Action Alternative, with the exception of contract
entitlements which were elevated to full contract amounts for the Sacramento River service area
(see the PROSIM Methodology/Modeling Technical Appendix).

¯ Subregion 21 will report the full quantity of surface water deliveries in excess of those
estimated to be required under DWR Bulletin 160-93 demand estimates used in the No-Action
Alternative, because that quantity is considered to be used specifically for groundwater
recharge.

¯ Refuge supplies, imbedded in PROSIM and SANJASM surface water deliveries, are delivered
to CVGSM subregions along with agricultural and urban supplies. Similar to surface water
diversions for agricultural purposes, the refuge deliveries are distributed within each subregion
based on agricultural irrigation requirements.

Groundwater Pumping. Like the No-Action Alternative, there are no limitations on
groundwater pumping in Cumulative Impact Analysis. For Alternatives 2 through 4, the estimated
Alternative 1 groundwater pumping serves as a limit for those subregions where water
acquisitions occur.

Cumulative Impact Analysis Simulation Process

The simulation procedure for the Cumulative Impact Analysis is the same as Altemative 1. See
the Alternative 1 process discussed previously.

EXISTING CONDITIONS SIMULATION BY CVSGM

Existing Conditions Simulation Assumptions

The Existing Conditions Simulation is provided for reference purposes only, to show model
simulation results under conditions at a projected 1995 level of development without
implementation of the CVPIA. A key distinction of this simulation is the assumption that Delta
water quality and flow standards are governed by the 1978 State Water Resources Control Board
(SWRCB) Water Rights Decision D-1485. This run does not provide historical results, it
provides long-term impacts of fixing land use and demands at the 1995 projected-level of
development. Results of this simulation are reported in the Pre-CVPIA Conditions Technical
Appendix only.
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Static Land Use Condition:

¯ A 1995 level of land use development is assumed, and is held constant over the 1922 to 1990
hydrologic period.

Rim Inflows and Minimum Instream Flows:

¯ Rim inflows for streams explicitly modeled by PROSIM and SANJASM are based on
simulated reservoir releases fi:om these models.

¯ Rim inflows for streams not explicitly modeled by PROSIM or SANJASM are based on DWR
Depletion area modified outflows for 1995 C6A hydrology or historical gaged flows for areas
with little development or areas not included in Depletion Analysis studies.

¯ Minimum instream flow requirements are provided by PROSIM and SANJASM for streams
explicitly simulated by these models. The only exception to this is on the Yuba River, where
State Water Resources Control Board minimum instream flow requirements apply.

Agricultural and Urban Land Use and Demands:

¯ Agricultural and urban land use and demands are based on 1995 projections developed by
DWR for Bulletin 160-93.

¯ Refuge demands are based on refuge deliveries simulated by PROSIM and SANJASM. These
deliveries are added to the agricultural demands for consistency with surface water supplies
(see below).

Surface Water Supply:

¯ Surface water diversions are derived from PROSIM and SANJASM deliveries. Surface water
diversions for other streams not covered by the surface water models were estimated based on
recent historical surface water diversion data.

¯ Refuge supplies, imbedded in PROSIM and SANJASM surface water deliveries, are delivered
to CVGSM subregions along with agricultural and urban supplies. Similar to surface water
diversions for agricultural purposes, the refuge deliveries are distributed to modeled subregion
based on crop consumptive use requirements.

Groundwater Pumping:

¯ Groundwater pumping was estimated by CVGSM, and was calculated based upon assumed
minimum groundwater pumping levels, surface water supplies, and corresponding agricultural
and urban demands.

¯ Consistent with current California Law governing groundwater usage in the Central Valley,
there are no restrictions placed on groundwater pumping under these conditions.
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¯ Any demands not met by surface water supplies specified on input are assumed to be met by
groundwater pumping.

¯ A minimum groundwater pumping contraint is imposed based on an estimate of recent base
pumping levels.

Existing Conditions Simulation Process

The same multi-step approach used for the No-Action Alternative also applies to the Existing
Conditions Simulation. See Attachment A for a detailed outline of the base case processing
sequence.

RECENT CONDITIONS SIMULATION BY CVSGM

Recent Conditions Simulation Assumptions

The Recent Conditions Simulation is provided for reference purposes only, to show model
simulation results under conditions at a projected 1995 level of development without
implementation of the CVPIA. This simulation assumes that Delta water quality and flow
standards are governed by the Bay-Delta Plan Accord as defined in the Draft Water Quality
Control Plan (SWRCB, 1995). This run does not provide historical results, it provides long-term
impacts of fixing land use and demands at the 1995 projected-level of development. All remaining
assumptions pertaining to the groundwater simulation are the same as the Existing Conditions
Simulation. The same multi-step approach used for the No-Action Alternative also applies to the
Recent Conditions Simulation. See Attachment A for a detailed outline of the base case
processing sequence. Results of this simulation are reported in the Pre-CVPIA Conditions
Technical Appendix only.

EARLY 1980S SIMULATION BY CVSGM

Early 1980s Simulation Assumptions

The Early 1980s Simulation is built upon the Existing Conditions Simulation. Differences that
affect the groundwater simulation are associated with water facility operating assumptions
simulated by PROSIM and SANJASM, and include CVP contract amounts, minimum instream
flow requirements, reservoir storage levels, and operations in the San Joaquin River Basin.
Results of this simulation are reported in the Pre-CVPIA Conditions Technical Appendix only.

Reduced CVP Contraet~. In the Early 1980s Simulation, CVP refuge contracts are reduced in
PROSIM to average annual historical levels for the period 1974 through 1981. The annual refuge
data are from the Central Valley Fish and Wildlife Management Study (Reclamation, 1993). The
deficiencies applied to the CVP refuges by PROSIM are the same as those applied to agricultural
contractors, up to a 25 percent deficiency (maximum applied to refuges).

Minimum Instream Flow Requirements. In the 1955 Act, flows on the Trinity River are set
at 120,500 acre-feet per year, for all year types. The highest flow requirements are in the fall and
early winter months. The pattern does not change by year type. This flow requirement is over
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200,000 acre-feet less than that required in the Existing Conditions Simulation with D-1485. The
decrease in flow down the river is exported to the Sacramento River Basin. The reservoir
storage-based minimum flow requirements for Trinity River exports to Whiskeytown Lake are
modified to compensate for the increase in exports from the Trinity River Basin. In the spring and
summer months, flow requirements are increased and triggers were reduced.

The minimum instream flow requirements on the Sacramento River below Keswick Dam are set
to the those in the April 5, 1960, DFG Agreement. The year type designation is changed from
Shasta Index to D-1485 Fish and Wildlife Four River Index.

Reservoir Storage Levels. The CVP San Luis storage rule curves are increased in all year
types to increase deliveries south of the Delta. The Folsom Lake STRF_IN for the critically dry
year type is decreased to prevent the reservoir from being drawn down below 90,000 thousand
acre-feet.

Pre-operated San Joaquin River and Eastside Streams Flows; Inflows to Mendota
Pool. Flow changes in the San Joaquin River and Eastside Streams, and to inflows to Mendota
Pool resulting from the SANJASM Early 1980s are reflected in the groundwater simulation as
changes in rim inflows and changes in surface water deliveries.

Early 1980s Simulation Process

The same multi-step approach used for the No-Action Alternative also applies to the Early 1980s
Simulation. See Attachment A for a detailed outline of the base case processing sequence.

INPUT AND OUTPUT DATA FOR THE PEIS ALTERNATIVES

Provided below is a discussion of input and output files pertinem to the CVGSM simulations for
the PEIS.

INPUT FILE DESCRIPTION

Input to CVGSM (part 2) is read from 19 different data files. All numeric data are read using free
format. This eliminates most potential column alignment problems, and makes changing data
easier. The data files are annotated to give a general description of the data set. All times series
files remain open throughout the entire simulation. All other files are read once and closed
immediately after reading.

CVGSM Input Control File for Part 2

The control file contains the title of the simulation run and the names of the input/output files for
this pass. In addition, it contains the input data to specify the simulation period, the output control
flags, the numerical solution scheme parameters, other simulation options, and the model
subregion names (Unit 5).
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Parameter Data File

This data file contains all the hydrologic, geologic, and water use parameters which are essential
for the model calibration and verification procedure (Unit 7).

Boundary Conditions Data File

This data file contains the boundary conditions information for the groundwater model (Unit 8).

Diversion Specifications File

This file contains specifications for proportioning surface water diversions, and their components
(such as losses, seepage) to different elements and/or subregions of the model (Unit 9).

Print Control File

This file contains the print output control data including a table of the groundwater nodes for
which heads will be printed, a list of the groundwater and stream nodes for which hydrographs
will be printed, and a list of the boundary nodes for which groundwater flux will be printed (Unit
10).

Initial Conditions Data File

This data file contains the initial condition (the groundwater head at the starting time point) at
each node for each layer of the model (Unit 11).

Fixed Heads for Initial Condition File

This data file (Unit 12) is used to run a steady-state iteration to establish initial conditions for the
system. The results are written to the Unit 2 final heads output file.

Land Use Data File

This data file contains the land use distribution data by each element of the model grid as a
percentage of the element area (Unit 13).

Crop Acreage Data File

This file contains the annual crop acreage data by crop type and by model subregion. It also
contains the acreage for urban areas as well as the native and riparian vegetation (Unit 14).

Precipitation Data File

This file contains the monthly rainfall data at each gauging station that is used in the model. The
rainfall station reference number, which are specified in the Part 1 input file (Unit 13), is defined
for each element, and the corresponding column number from which the data is extracted (Unit
15).
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Evapotranspiration Data File

This file contains the monthly values of potential evaportranspiration (ET) rates for each crop,
nonagricultural land use, and bare soil, by model subregion. Monthly ET rates are listed by
crop/land use by model subregion (Unit 16).

Pumping Data File

This data file contains the monthly values of groundwater pumping for each subregion of the
model or for each well, if the well option is used (Unit 17).

Surface Water Diversion File

This data file contains monthly surface water diversion data and the bypass/canal flow. The
number of surface water diversion sites is specified, followed by maximum diversion capacities
per diversion (Unit 18).

Agricultural Water Demand File

This file contains the historical, or estimate monthly agricultural water supply for each subregion
of the model (Unit 19).

Urban Water Demand File

This file contains the monthly indoor and outdoor urban water demand on a subregional basis for
the entire period of simulation (Unit 20).

Stream Inflow File

This file contains the monthly, or daily, streamflow values for each stream entering the model
boundary. The boundary stream node at which the stream enters the model area is specified in the
same order as the inflow data (Unit 21).

Crop Demand Parameters File

This file contains crop water use information (Unit 22).

Operations Data File

This data file contains specifications regarding the diversion priorities, for a particular model run.
The second part of the file includes the reservoir characteristics and operations criteria (Unit 23).

Time Series Boundary Conditions File

This data file contains the time series of groundwater heads generated for use as general head
boundary condition. This file refers to the boundary conditions data (Unit 8) (Unit 36).
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Measured Well Data File

This file contains available observed historical water levels for individual wells (Unit 38).

Parameter Optimization Data File

This file contains the input data required for optimizing the aquifer parameter data (Unit 39).

Reservoir Evaporation Data File

This file contains reservoir evaporation data for each month of the simulation. Each reservoir is
represented by one average evaporation rate in inches per month (Unit 41).

Pump Specification Data File

This data file contains the specification data for well pumping and subregional pumping(sinks)
(Unit 46).

Binary Input Generated by Part 1

The binary input file is generated as output from part 1 of the CVGSM historical calibration
model. This file contains information from part 1 required for CVGSM during part 2 simulations,
such as element-node configuration, stratigraphic data, stream geometry, and various element
characteristics (Unit 4).

Minimum Streamflow Data File

This file contains the minimum flow time series data for the stream nodes that have been specified
in the operation data file (unit 48).

OUTPUT FILE DESCRIPTION

Output files from the CVGSM PEIS simulation are used for:

¯ Groundwater Impact Assessment
¯ Gains processing for SANJASM
¯ CVPM PEIS Simulations

A brief explanation of these pertinent output files is provided below.

Standard Output File

This file indicated the date and time of the model run, it lists all the input files used with the date
and time they were last modified. It summarizes information for each subregion, element and
node configurations, stratigraphic layout of the model and stream system and stream geometric
data (Unit 6).
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Final Head Output File

This file comains groundwater heads for each aquifer layer, soil moisture, unsaturated zone, and
small water shed conditions at the end of the simulation. This file is used for presenting ending
groundwater level conditions for the groundwater impacts assessment (Unit 2).

Average October Groundwater Levels File

This file (unit 50) contains for each month, the average and minimum and weighted average and
minimum groundwater elevations for each subregion. This file is processed for CVPM (See
Depth to Groundwater Post-Processor discussed previously).

Groundwater Budget Output File

This file contains a groundwater budget used for presenting groundwater impacts. These impacts
are indicated in the change in groundwater pumping, groundwater recharge, and change in
groundwater storage. The groundwater pumping for this file is processed for use by CVPM (See
Groundwater Pumping Post-Processor discussed previously) (Unit 30).

Land and Water Use Budget Output File

This file contains a land and water use budget used for presenting groundwater impacts. These
impacts are indicated in the change in water supply and demand (Unit 27).

Diversion Detail File

This file contains a detailed sunmmry of actual surface water diverted during the surface water
simulation, surface water shortage, and surface water imports (Unit 34). The data in this file is
used by CVGSM in the Base 2a process (see Attachment A).

Stream Reach Budget File

This file contains a detailed sunanaazy of stream reach budget components, such as upstream flow,
downstream flow, return flow, tributary flow, groundwater gain, and surface water diversions
(Unit 35). This file is used by SANJASM for its gains processing.

CVGSM FILE NAMING CONVENTION

CVGSM input and output file names consist of an eight character file name with a three character
extension. The eight character file name indicates the type of file and the three character
extension indicates the simulation number. Of the three characters in the extension, the first
character of the extension is a letter indicating the alternative, the second character indicates the
modeling iteration, and the third character indicates the CVGSM run version. All projected-level
input and output files use this naming convention. As an example, CNJCROP.NEA is the crop
acreage file for the No-Action Alternative. Table Ill-4 provides the correspondence between the
letter in the first character in the file name extension and the PEIS alternative.
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TABLE 111-4
CVGSM FILE EXTENSION LETTER

AND CORRESPONDING ALTERNATIVE

Extension
Letter PEIS Alternative

N No-Action Altemative
H Alternative 1
U Supplemental Analysis la: Delta Outflow of (b)(2) Water
S Supplemental Analysis ld: No Level 2 Refuge Delivery Shortages
B Alternative 2
K Alternative 3
L Alternative 4
T Cumulative Impact Analysis (Alternative I b)
P Existing Conditions Simulation
O Recent Conditions Simulation
Z Eady 1980s Simulation

INPUT AND OUTPUT FILES USED IN PEIS ALTERNATIVES SIMULATION

Table III-5 lists all of the input files used for the PEIS alternatives. The bold-italicized items
indicate that the file is identical to the file used in the preceeding alternative.
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Attachment A

CVGSM DETAILED MODELING SEQUENCE

This attachment supplements the CVGSM modeling process discussion, "Assumptions and
Modeling Procedures for the PEIS," presented in Chapter III of the "CVGSM Methodology/
Modeling Technical Appendix." The two sections presented below provide a detailed step-by-
step explanation of the processing sequence for (1) PEIS CVGSM Base Case Runs, and (2) PEIS
CVGSM Alternative Runs. The process used for base case runs applies to the following CVGSM
simulations:

¯ No-Action Alternative (2020 Projected-level).
¯ Existing Conditions Simulation (1995 Projected-level); and
¯ Recent Conditions Simulation (1995 Projected-level); and
¯ Early 1980s Simulation (1995 Projected-level); and

The process used for the alternative rtms applies to the following CVGSM simulations:

¯ PEIS Alternatives 1 through 4;
¯ PEIS SupplementalAnalysis laand ld; and
¯ PEIS Cumulative Impact Analysis (Alternative lb).

Numerous abbreviations are used throughout the next two sections. A listing of their definitions
is provided below.

SW -surface water
SWDV -surface water diversion file (CVGSM input file unit #18)
SWDiv -surface water diversion
GW -groundwater
WU -water use
MD -miscellaneous delivery
UD -under delivery
SAS -a statistical and data processing software program
PROCESS -a FORTRAN based data processing software program
CVGSM -Central Valley Ground-Surface Water Model
PROSIM -PROject Simulation Model
SANJASM -SAN Joaquin Area Simulation Model
CVPM -Central Valley Agricultural Production Model
PEIS -Programmatic Environmental Impact Statement
Base Case - Existing Conditions Simulation and No-Action Alternative
KOPTDM - A CVGSM variable used to specify the option for handling agricultural water

demand (see IGSM documentation for further explanation, Montgomery
Watson, 1993)

KOPTDV - A CVGSM variable used to specify the option for adjusting surface water
diversions and groundwater pumping (see IGSM documentation for further
explanation, Montgomery Watson, 1993)
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KOPERAT -A CVGSM variable used to enable the simulation of minimum instream flow
requirements (see IGSM documentation for further explanation, Montgomery
Watson, 1993)

PEIS CVGSM BASE CASE RUNS
DISCUSSION AND DESCRIPTION OF THE PROCESSING SEQUENCE

INTRODUCTION

This processing sequence applies to Base Case Runs only. "Base Case Runs" refers to the No-
Action Alternative, the Existing Conditions Simulation, the Recent Conditions Simulation, and the
Early 1980s Simulation. This sequence begins after all necessary pre-proeessing has been done to
transform PROSIM, SANJASM, and CVPM output into CVGSM input formats.

PROCESS la: MINPUMP

Run the minpump SAS job to place the minimum GW pumping data into a SAS data file. This
job (after being run once) does not need to be rerun unless the minimum GW pumping data is
changed.

Discussion

The minpump SAS job reads an IGSM-format pumping data file (which contains the minimum
pumping quantities) and writes the data to a SAS data file for use by SAS jobs later in the
processing sequence.

PROCESS lb: BASE 0A

Run the base 0a SAS job to estimate the non-project surface water diversions for those not
provided explicitly by PROSIM or SANJASM. An explanation of the process was discussed in
the Surface Water Diversions Data Pre-Processor, Step 2c (iv) section.

PROCESS 2: CVGSM STEP 1

Run the CVGSM model for the purposes of estimating groundwater pumping (this process is
referred to as CVGSM Step 1). The following CVGSM key data items and specifications for this
step are:

Demand: Agriculture - DWR Bulletin 160-93.
Urban- DWR Bulletin 160-93.

SWDiv: Based on SANJASM and PROSIM runs, plus historical for areas not
covered by these models.

GW Pumping: Minimum pumping, based on historical.
KOPTDM = 0: Agricultural demands specified as input (CVGSM input file #19). See

discussion on development of Agricultural Demands Data in main body of
technical appendix.
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KOPTDV =10: GW pumping adjusted for unmet demand, and SWDiv fixed
KOPERAT=0: Minimum iv.stream flow requirement disabled.
Initial Conditions: 199009 Groundwater heads from the CVGSM calibration run.

Discussion

The purpose of the CVGSM Step 1 pass is to determine the amount of GW pumping required to
meet demand, after the SW quantities specified in the SWDV data file have been delivered. This
quantity of GW pumping may, in some cases, be less than the minimum GW pumping specified
for the subregion. If so, the GW pumping will be brought back up to minimum in the Base Step
1 a SAS job, which follows CVGSM Step 1.

Note 1. SW deliveries in excess of projected agricultural demand (CVGSM unit #19) are never
applied with the option KOPTDM=0, and return flows ~om these additional SW deliveries do not
show up in the river. This unused delivery appears as excess delivery in the WU budget file.

Note 2. Refuge deliveries are included in the agricultural demand (unit # 19). The refuge water is
applied along with the agricultural lands, some of which will contribute to the simulated
agricultural returns to the streams. The refuge deliveries come from the PROSIM and SANJASM
run.

Note 3. CVGSM Step 1 does not honor minimum GW pumping when SW is sufficient to satisfi]
total demands.

Note 4. SW deliveries may in some cases be slightly larger than may be possible after the
minimum instream flow option in CVGSM is turned on. However, the SW diversions in CVGSM
are capped at the PROSIM and SANJASM amounts, so any differences should be very minor
(since PROSIM and SANJASM both maintain minimum instream flows). Stream flows will in
many cases increase in the next CVGSM step (Step 2a) when the miscellaneous deliveries (MI)s)
are fully retained in the system instead of leaving the model. MDs represent necessary surface
water deliveries that are not included in the DWR Bulletin 160-93 projected irrigated applied
water demands. They refer to deliveries required for various operational practices, such as
leaching and pre-irrigation requirements, frost protection, irrigation system maintenance, and
other uses related to specific cultural practices. It does not include surface water used directly
fort coop consumptive use. It is very difficult to separate MDs into these various components,
especially when dealing with regional information. The difficulty is primarily due to the
unavailability of data. For the purposes of this programmatic level of analysis MDs are treated as
a lumped quantity. Without these MDs, any attempt to honor minimum flows could force SW
diversions below the PROSIM and SANJASM amounts. To avoid this, the minimum flow option
is turned off in Step 1.

PROCESS 3: BASE IA

Run the basela SAS job to process the output of CVGSM Step 1. Basela will generate an
adjusted GW pumping data file, and an adjusted SW diversion data file. The GW pumping data
file is used in CVGSM Steps 2 and 3. The SW diversion data file is used in CVGSM Step 2.
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Discussion

The basela SAS job reads the output ofCVGSM Stepl and generates revised GW pumping and
SW diversion data files for use in CVGSM Steps 2 and 3. The process is as follows:

Note 1, Make an adjusted GW pumping data file that consists of the CVGSM Step 1 computed
GW pumping whenever that pumping is greater than minimum GW pumping, but otherwise is the
same as the minimum GW pumping data file. This data file is then used for specifying the GW
pumping in CVGSM Steps 2 and 3.

Note 2, Determine the quantity of water delivered in CVGSM Step 1 that is greater than the
demand. This additional delivery are the MDs (discussed previously under Process 2: CVGSM
Step 1, Note 4). As noted previously, MDs represent necessary deliveries that are not included in
the Bulletin 160-93 projected irrigated applied water demands. Note that the MD computed here
is not the final MD that will be computed after CVGSM Step 3. The MD computed for CVGSM
Step 1 is used for checking, and for revising the SW diversion quantities in subregions 1 and 9.

Note 3, Use the computed MD values to revise the SW diversion quantities to subregions 1 and
9 (certain diverted quantities in these subregions are never applied or otherwise used, but instead
flow right back to the river). The subregion 1 MD should be subtracted from CVGSM surface
water diversion 3 (Sacramento River diversions between Keswick and Red Bluff). The subregion
9 MD should be subtracted from CVGSM surface water diversion 114 (DSA 55 estimated total
surface water diversions). These resulting new surface water diversions are used in place of the
original diversions 3 and 114.

PROCESS 4: CVGSM STEP 2A

Run the CVGSM model a second time (referred to as CVGSM Step 2a) using the CVGSM Step
1 data files, except for the GW pumping and SW diversion data files generated by the basela
processor, and the option specifications. The CVGSM Step 2a key data items and specifications
are:

Demand: Agriculture - Based on inputted supplies (SW and GW) to each subregion,
less urban demand and conveyance loss.
Urban - DWR Bulletin 160-93.

SWDiv: Same as CVGSM Step 1 SWDiv except for adjustments by base la
processor to subregions 1 and 9.

GW Pumping: Calculated in CVGSM Step 1 and base la.
KOPTDM = 1: Agricultural demand is calculated by CVGSM (see Demand above).
KOPTDV =00: GW pumping and SWDiv fixed.
KOPERAT=1: Minimum instream flow requirement activated.
Initial Conditions: 199009 Groundwater heads from the CVGSM calibration run.
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Discussion

CVGSM Step 2a produces output data that is used for the groundwater impacts assessment. Step
2a provides a 69-year simulation trace which starts with the initial 199009 conditions, with the
result being a change in groundwater levels (especially during the first half of the simulation), as
the System attempts to reach equilibrium, In contrast, step 2b and step 3 start with the final
simulation groundwater head fi:om step 2a, and thus begin with a near-equilibrium situation. As a
result, these steps provide a stabilized (or nearly stabiliT.ed) 69-year trace. This stabili~.ed trace is
used to compute the long-term 69-year average groundwater conditions for economic modeling
purposes.

Owing to the methodology used to specify demand (KOPTDM=I), the WU output budget will
not state that deliveries are in excess of demand. MD quantities, if any, will be calculated by SAS
processor base3a, following CVGSM Step 3. However, if the full quantities of water specified in
the GW pump and SW diversion files could not be supplied during the run, this will be reported as
a shortage by various model outputs. This occurs because the switch KOPTDM=I causes the
demand to be set to the input SWDV and GW pump data files. The demand methodology used
here (KOPTDM=I) is required to ensure that all GW and SW supplies are distributed and used in
the CVGSM subregions.

PROCESS 5: CVGSM STEP 2B - EXTENDED HYDROLOGIC SEQUENCE
SIMULATION FOR SURFACE WATER AND ECONOMIC MODELING ANALYSIS

CVGSM is run for a repeat of the hydrologic period 1922 to 1990 using the final GW heads t~om
CVGSM Step 2a as initial groundwater head conditions. All other data items and specifications
are identical to CVGSM Step 2a. The purpose of this run is to provide averages, not influenced
by initial conditions, for use in the surface water and economic modeling. CVGSM Step 2a
cannot be used because in many subregions the initial water levels drop more rapidly during the
first 15 to 20 years of the 69-year hydrology trace as the effect of the starting condition is
removed.

Discussion

Owing to the methodology used here to specify demand, the WU output budget will normally
state that deliveries are equal to the demand. However, if the full quantities of water specified in
the GW pumping and SW diversion data files could not be supplied during the run, this will be
reported as a delivery shortage. This occurs because the switch KOPTDM=I causes the demand
to be set to the input SW diversion and GW pumping data quantities, not to the quantity that was
actually supplied during the CVGSM run. The base2a processor will be used to reduce the
specified SW diversions down to the quantities that CVGSM can actually divert.

PROCESS 6: BASE 2A

Run the base2a DOS batch job to process the output of CVGSM Step 2b. This processor
produces a revised SW diversion data file that represents the quantities that were actually diverted
in CVGSM step 2b. The SWDV corrections that base2a will make will primarily be to non-
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project diversions in the Sacramento Valley, and to local stream diversions for streams located in
the Tulare Lake Region. The original SWDV data file contained approximations for
these diversions. The approximations in the Sacramento Valley streams were generated by
breaking down the net non-project PROSIM supplies into respective SW and GW components.
This process involves some uncertainty, mostly because it requires an estimate of GW pumping
(the minimum GW pump data file was used). The approximations in the Tulare Lake Region are
based on historical SW diversions. Due to differences in projected-level groundwater-surface
water conditions, these historical quantities may not be supported in some months.

PROCESS 7: CVGSM STEP 3

Run the CVGSM model a final time (referred to as CVGSM Step 3) using the CVGSM Step 2b
data files, except for the SW diversion data file generated by the base2a processor.

Discussion

CVGSM Step 3 is the final CVGSM run, and is used for the agricultural economics impact
assessment. The shortage reported in the Water Use budget for CVGSM Step 3 will be
approximately zero. The computation of water need (deliveries shortages relative to the CVGSM
Step 1 demand) will be performed in the base3ap SAS post-processor discussed below.

The stream detail monthly output file from CVGSM is passed to SANJASM. A gains comparison
between SANJASM gains from the provisions iteration and the current run is conducted to
determine if a new SANJASM and CVGSM iteration is necessary before the final results can be
processrd and passed to CVPM. There are a series of criteria for deciding ifa rerun with revised
gains in SANJASM is required. A decision to make a new PROSIM run is not directly related to
CVGSM results. However, a change in SANJASM Verr~lis flows can cause a new PROSIM run
to be needed.

Once the iterative procedures between the hydrology models are complete, depth to groundwater,
agricultural GW pumping, and agricultural SW applied are passed to CVPM. Upon completion
of model runs by CVPM, agricultural crop acreage and it:rigation efficiencies are used to develop
a revised CVGSM simulation. This revised simulation must pass through all the steps outlined
here. Revised output is then passed back to CVPM. If the change in long-term average annual
depth to groundwater is minimal in comparison to the previous iteration, then the iterative process
is terminated, and this simulation becomes the final CVGSM run.

PROCESS 8: BASE 3A

Run the base3a SAS job to process the output of CVGSM Step 3. Base3a will determine the final
quantity of MD or under-delivery (UD) for the base case, and will also output a suaunm3, table
for use in checking the CVGSM run. To compute MD or U-D, base3a utilities the demand for
CVGSM Step 1, and the supply for CVGSM Step 3. Base3a is therefore sequence dependent.
The basela SAS data output file must be available. Base3a of the current sequence must be run
before basela of the next sequence, because basela overwrites the previous basela SAS data
output file.
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Discussion

Note 1. The refuge deliveries are incorporated into both the demand and the delivery, and
therefore the MD and UD represent components of agricultural supply that (for a variety of
reasons) exceed or fall short of demand requirements.

PEIS CVGSM ALTERNATIVE RUNS
DISCUSSION AND DESCRIPTION OF THE PROCESSING SEQUENCE

INTRODUCTION

This processing sequence applies to the following alternatives summarized in the PEIS:

¯ Alternative 1
¯ Supplemental Analysis la - Delta outflow of 3406(b)(2) Water
¯ Supplemental Analysis 1 d - No Level 2 refuge delivery shortage
¯ Alternative 2
¯ Alternative 3
¯ Alternative 4
¯ Cumulative Impact Analysis (Alternative lb)

This sequence begins after all necessary pre-processing has been done to transform PROSIM,
SANJASM, and CVPM output into CVGSM input formats.

PROCESS la: MINPUMP

Same as the base case process for MINPUMP.

PROCESS lb: BASE 0A

Same as the base case process for BASE 0A.

PROCESS 2: CVGSM STEP 1

Run CVGSM Step 1 to provide a "by-subregion" SWDV supply accounting, and to provide
SWDV and GW pumping data for estimating groundwater pumping and SWDV in subregions 1
& 9. The k~y data items and specifications for the CVGSM Step 1 as applied for PEIS
alternatives are:

Demand: Agriculture - DWR Bulletin 160-93, adjusted for drainage area retired
acreage demand.
Urban - DWR Bulletin 160-93.

SWDiv: Based on SANJASM and PROSIM runs, plus historical for areas not
covered by these models.

GW Pumping:    Minimum pumping, based on historical.
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KOPTDM = 0: Agricultural demands specified as input (CVGSM input file #19). See
discussion on development of Agricultural Demands Data in main body of
technical appendix.

KOPTDV =10: GW pumping adjusted for unmet demand, and SWDiv fixed
KOPERAT=0: Minimum instream flow requirement disabled.
Initial Conditions: 199009 Groundwater heads from the CVGSM calibration run.

Discussion

In this run, miscellaneous SW deliveries (deliveries in excess of DWR projected demand) do not
show up in the river; they are never applied in the model run, because water in excess of demand
is never applied in IGSM. The miscellaneous delivery (M:D) leaves the model instead of flowing
down the river (but it does show up in the WU budget output as delivery in excess of demand).

Note 1. Refuge deliveries will be included in the demand in order to prevent that quantity from
leaving the model. The refuge water will therefore be applied to the surface, and some will run
off and show up in the river.

Note 2. SW diversions may in some cases be slightly larger than may be possible after the
minimum instream flow option is turned on. However, the SW diversions in CVGSM are capped
at the PROSIM and SANJASM amounts, so any difference should be very minor (since PROSIM
and SANJASM both maintain minimum instream flows). Note that the minimum instream flow
option is OFF here because the lack of MDs returning to the river would incorrectly reduce the
water available for downstream SW diversion.

Note 3. CVGSM Step 1 does not honor minimum GW pumping when SW is sufficient to satisfy
total demands.

PROCESS 3: BASE lAP

Run the baselap SAS job to process the output of CVGSM Step 1. The 2020 No-Action
Alternative CVGSM run "by-subregion" SW diversions and MDs are needed by the baselap SAS
job. The SWDV data is available from the base3a output SAS data set called wyear3a, and is
accessed automatically by the baselap SAS job. The MD’s from the same no-Action run are read
in from the MD ASCII output file generated by the base3a SAS job.

Discussion

The baselap processor reads the output of CVGSM Step 1 and generates revised GW pumping
and SW diversion data files. This processor differs from the basela SAS job in that the MD and
GW pumping computations are handled differently (except for subregions 1 & 9, which are
handled the same as in basela, and subregion 21, for which the MD is maintained at the No-
Action Alternative MD because it is diverted specifically for GW recharge).

CVGSM M/M A-8 September 199 7

C--083742
C-083742



Draft PEIS Attachment A

The technique employed for the alternatives is to deliver a percentage oftbe No-Action
Alternative run MDs, based on the following equation:

new SWDV
target MD = ( ........................................ ) * No-Action Alternative MD

No-Action Alternative SWDV

In no case will the target MD be allowed to exceed the no-action MD.

It is clear that these target MD’s may not exist as deliveries in excess of demand in the altemative
runs. If they do not, the GW pumping in the alternatives must be increased so that the total
delivery does include these MD’s (except for subregions 1 & 9). The equation is as follows:

target GWpump = target MD + CVGSM Step 1 demand - CVGSM Step 1 SWDV

Only the portion 0fthe target MD that was not delivered in CVGSM Step 1 is added to the GW
pumping. For example, if the step 1 SW delivery already met the demand plus the target MD, the
target GW pumping quantity would be zero.

In most cases the methodology for generating target GW pumping will have the effect of bringing
GW pumping quantities up to the minimum GW pumping specified in the No-Action Alternative
input GW pumping data file. In the case of reduced demand owing to crop retirement, this may
not happen, but reduced pumping in this case is reasonable.

PROCESS 4: CVGSM STEP 2A

Run the CVGSM model a second time (referred to as CVGSM Step 2a) using the CVGSM Step
1 data files, except for the GW pumping and SW diversion data files generated by the basela
processor, and the option specifications. The CVGSM Step 2a key data items and specifications
are:

Demand: Agriculture - Based on inputted supplies (SW and GW) to each subregion,
less urban demand and conveyance loss.
Urban- DWR Bulletin 160-93.

SWDiv: Same as CVGSM Step 1 SWDiv except for adjustments by base lap
processor to subregions 1 and 9.

GW Pumping: Calculated in CVGSM Step 1 and base lap.
KOPTDM = 1: Agricultural demand is calculated by CVGSM (see Demand above).
KOPTDV =00: GW pumping and SWDiv fixed.
KOPERAT=I: Minimum instream flow requirement activated.
Initial Conditions: 199009 Groundwater heads from the CVGSM calibration run.

CVGSM Step 2a produces output data that is used for the groundwater impacts assessment. Step
2a provides a 69-year simulation trace which starts with the initial 199009 conditions, with the
result being a change in groundwater levels (especially during the first half of the simulation), as
the system attempts to reach equilibrium. In contrast, step 2b and step 3 start with the final
simulation groundwater head from step 2a, and thus begin with a near-equilibrium situation. As a
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result, these steps provide a stabili~.ed (or nearly stabilized) 69-year trace. This stabilized trace is
used to compute the long-term 69-year average groundwater conditions for economic modeling
purposes.

Owing to the methodology used to specify demand (KOPTDM=I), the WU output budget will
not state that deliveries are in excess ofdernand. MD quantities, if any, will be calculated by SAS
processor base3a, following CVGSM Step 3. However, if the full quantities of water specified in
the GW pump and SW diversion files could not be supplied during the run, this will be reported as
a shortage by various model outputs. This occurs because the switch KOPTDM=I causes the
demand to be set to the input SWDV and GW pump data files. The demand methodology used
here (KOPTDM=I) is required to ensure that all GW and SW supplies are distributed and used in
the CVGSM subregions.

PROCESS 5: CVGSM STEP 2B-EXTENDED HYDROLOGIC SEQUENCE
SIMULATION FOR SURFACE WATER AND ECONOMIC MODELING ANALYSIS

CVGSM is run for a repeat of the hydrologic period 1922 to 1990 using the final GW heads fi:om
CVGSM Step 2a as initial groundwater head conditions. All other data items and specifications
are identical to CVGSM Step 2a. The purpose of this run is to provide averages, not influenced
by initial conditions, for use in the surface water and economic modeling. CVGSM Step 2a cannot
be used because in many subregions the initial water levels drop rapidly during the first 15 to 20
years of the 69-year hydrology trace, as the effect oftbe starting condition is removed.

Discussion

Owing to the methodology used here to specify demand, the WU output budget will normally
state that deliveries are equal to the demand. However, if the full quantities of water specified in
the GW pumping and SW diversion data files could not be supplied during the run, this will be
reported as a delivery shortage. This occurs because the switch KOPTDM=1 causes the demand
to be set to the input SW diversion and GW pumping data quantities, not to the quantity that was
actually supplied during the CVGSM run. The base2a processor will be used to reduce the
specified SW diversions down to the quantities that CVGSM can actually divert.

PROCESS 6: BASE 2A

Same as the base case process for Base 2a.

PROCESS-7: CVGSM STEP 3

Run the CVGSM model a final time (referred to as CVGSM Step 3) using the CVGSM Step 2b
data files, except for the SW diversion data file generated by the base2a processor.

Discussion

CVGSM Step 3 is the final CVGSM run, and is used for the agricultural economics impacts
assessment and serves as the completed simulation of CVGSM for a particular analysis. The
shortage reported in the Water Use budget for CVGSM Step 3 will be approximately zero. The
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computation of water need (deliveries shortages relative to the CVGSM Step i demand) will be
performed in the base3ap SAS post-processor discussed below.

The stream detail monthly output file t~om CVGSM is passed to SANJASM. A gains comparison
between SANJASM gains fi:om the provisions iteration and the current run is conducted to
determine if a new SANJASM and CVGSM iteration is necessary before the final results can be
processed and passed to CVPM. There are a series of criteria for deciding ifa rerun with revised
gains in SANJASM is required. A decision to make a new PROSIM run is not directly related to
CVGSM results. However, a change in SANJASM Vernalis flows can cause a new PROSIM run
to be needed.

Once the iterative procedures between the hydrology models are complete, depth to groundwater,
agricultural GW pumping, and agricultural SW applied are passed to CVPM. Upon completion
of model runs by CVPM, agricultural crop acreage and irrigation efficiencies are used to develop
a revised CVGSM simulation. This revised simulation must pass through all the steps outlined
here. Revised output is then passed back to CVPM. If the change in long-term average annual
depth to groundwater is minimal in comparison to the previous iteration, then the iterative process
is terminated, and this simulation becomes the final CVGSM run.

PROCESS 8: BASE 3AP

Run the base3ap SAS job to process the output of CVGSM step 3. Base3ap will determine the
MD actually delivered and the water need for each subregion, and will output a summary table for
use in checking the CVGSM run.

Base3ap is sequence dependent; the baselap sasdata output file must be available. Base3ap of the
current CVGSM sequence must be run before baselap of the next CVGSM sequence, because
baselap overwrites the previous baselap sasdata output file. Base3ap automatically accesses the
basel ap sasdata file.

Discussion

Base3ap will compute theMD actually delivered. The base3ap water need computation uses the
target MI), the Step 1 demand (which includes refuge demand), and the step #3 delivery to figure
out how much (if any) additional water must to be delivered to meet the sum of the target MD
and the Step 1 demand. The computation is based on Ag demand and supply, with the basic
form:

water n~ed = step#1 Ag demand + target MD - step#3 Ag supply

Ag supply is the quantity of SW and GW delivered for Ag use, and includes refuge water and the
MD actually delivered. If it happens that Ag supply is less than zero in base3ap (meaning that
there was no water for Ag and not enough for urban), the calculated total water need will include
both the Ag and urban components. The answer obtained fi:om base3ap would not be different if
total demand and total supply were used instead of Ag demand and Ag supply.
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The amount of MD actually delivered may differ fi’om the target MD calculated in baselap, which
is used in the above equation for water need. The target MD’s are part of the total demand
reported to CVPM. The MD delivered will often be less than the target MD. Therefore, the MD
not delivered will become part of the water need. This computation is implicit in the above
equation for water need, because the step 3 Ag supply includes the MD delivered.

Procedure

1. Access and read the CVGSM Step 1 demand, the target MD, and the CVGSM step 3 output
water use budget.

2. Compute the MD delivered and the water need.

3. Compute the component of MD that is GW vs SW. MD GW is defined as CVGSM step 3
GW above the maximum ofminpump and CVGSM Step 1 totgwpmp.

4. Output the target MD, the M]3 actually delivered, the GW portion of the MD actually
delivered, the computed water need, and a summary table for use in checking the CVGSM
step 3 run.
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MEMORANDUM

Central Valley Project
ENVIRONMENTAL TEAM

To: Gwen Buehholz Date: March 20, 1997

From: Roger Putty C.C.:
Steve Hatchett

Subject: Groundwater Pumping in PEIS Alternatives

This memorandum addresses policy assumptions governing groundwater pumping in the PEIS
alternatives and implementation of these assumptions in the technical analysis. The PEIS team
agreed that a policy condition for acquiring water is that the acquired water not be replaced with
groundwater pumping if Interior could prevent it. Because Interior does not have legislative
authority to regulate groundwater in the State, the mechanism for achieving this policy goal is to
be a term/condition in water acquisition contracts that Interior signs with willing sellers. A
memorandum dated Feb. 28, 1996 stated:

As a condition of the water acquisition, it is stipulated as a term/condition of the
acquisition that no groundwater replacement pumping can occur in areas that are in
overdraft or hydraulically connected to an adjacent waterway.

An implication of this approach to preventing groundwater replacement is that it applies only to
the entities selling water to Interior.

Our intention for the technical analysis of Alternatives 2 through 4 was to limit the groundwater
pumping to the Alternative 1 level, assuming that this would simulate the "no groundwater
replacement" rule. However, two unanticipated results of the modeling analysis allowed modest
increases in groundwater pumping over Alternative 1. The first result is that land retired due to
water acquisitions created an economic incentive (through small increases in crop price) to
replace the acreage in other regions. For example, retirement of hay production in the San Joaquin
Basin increased the price of hay sufficiently to boost its acreage slightly in the Sacramento and
Tulare Basins. The additional hay acreage demands more groundwater pumping in those areas.
This is a logical result and is quite likely to happen in reality.

The second unanticipated result occurred because of slight differences in model data definition
between CVGSM and CVPM. For example, CVGSM is simulated monthly for the 1922 to 1990
period; CVPM simulates a single year representing the average of 1922 to 1990. In addition,
small differences in crop water requirements based on the difference in each models’
representation of agricultural demands exist. These subtle modeling differences resulted in some
regions experiencing slightly higher agricultural groundwater pumping in CVGSM than estimated
by CVPM, even for the same: crop mix, resulting in groundwater pumping "slack" between the
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two models. Since CVGSM’s Alternative 1 simulated groundwater pumping served as the upper
limit for starting the CVPM analyses of a given alternative, CVPM was able to make use of some
of this "slack" (unused but available groundwater). In addition, a small amount of groundwater
pumping "slack" was created in some regions during the second iteration.

Table 1 lists (by CVGSM/CVPM subregion) the No-Action Alternative average annual
groundwater pumping for municipal & industrial demands, agricultural demands, and total
groundwater pumping. The model subregions and their descriptions are shown in Figure 1. Tables
2a and 2b summarize, respectively, the average annual agricultural grotmdwater pumping for
Alternatives 1 through 4, and Alternatives 2 through 4 differences in agricultural groundwater
pumping from Alternative 1. The positive differences in Table 2b indicate that groundwater
pumping increased in the alternative above that occurring in Alternative 1. The largest differences
(in tar) are 12, 33, and 33 in alternatives 2, 3, and 4 respectively. These are differences in
agricultural groundwater pumping, and are less than 5 percent of the total groundwater pumping
occurring in their respective subregions. Increases above Alternative 1 agricultural groundwater
pumping for the Sacramento, San Joaquin, and Tulare regions are less than 3 percent of the total
Alternative 1 groundwater pumping occurring in each of these regions. For the entire Central
Valley increases are less than 2 percent of the total Alternative 1 groundwater pumping.

The differences reported in Table 2b are not easily discernible. For Alternatives 2, 3 and 4, certain
subregions are subjected to progressively higher levels of water acquisitions (subregions 5, 8, 11,
12, and 13). These subregions would be more sensitive to slight differences in model data
definition, resulting in the gradual increase in groundwater pumping revealed in Table 2a. The
other subregions may have responded to the economic incentives discussed previously.

In surrmaary:
¯ The small increase in groundwater pumping in Alternatives 2, 3, and 4 was not anticipated or

intended, but we believe it to be a more realistic estimate of regional response to water
acquisition. Given the inability of Interior to prevent groundwater pumping in non-acquisition
areas, a strict analytical assumption preventing new pumping in all areas is untenable. If water
acquisition could in fact increase groundwater pumping indirectly (i.e., in non-acquisition
areas), then the PEIS should identify this as a potentially significant impact, and not simply
assume that it cannot occur.

¯ Although the analysis appropriately identified indirect groundwater pumping increases as an
impact, the size of the increases is small relative to total water use, and within the precision of
the modeling effort.

¯ The rankings of alternatives based on economic or groundwater criteria will not be affected by
the relatively small pumping increases.

cc: John Johannis
Phil Sharpe
David Moore
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TABLE 1 TABLE 2a TABLE 2b

SUMMARY OF AVERAGE ANNUAL GROUNDWATER PUMPING AVERAGE ANNUAL AGRICULTURAL GROUNDWATER PUMPING FOR DIFFERENCE IN AVERAGE ANNUAL

THE NO-ACTION ALTERNATIVE (in tat) (Avg. for 1922-90) EACH PEIS ALTERNATIVE (in taf) (Avg. for 1922-90) AGRICULTURAL GROUNDWATER PUMPING FROM
ALTERNATIVE 1 (in tat) (Avg. for 1922-90)

NO-
MUNICIPAL & AGRICUL- ACTION

s_U_B__RE__GI:O_~ _ I.ND.U_ST.R_IA.L.’ ..... T_.U__R.~L_ ..... T_O_TA_L .S_U__B_R._EGI__Ot~ .... _A_LT_ ....ALT_I_ _~.A__L~T2_ A~"~ __-A-LT.4_ SUBREGION ALT2 ALT3 ALT4

1 57 10 67 1 10 10 10 10 10 1 0 0 0
2 62 509 571 2 509 514 515 517 517 2 1 3 4
3 14 342 356 3 342 358 352 343 346 3 -6 -15 -12
4 6 301 307 4 301 309 313 317 317 4 4 8 8
5 50 492 542 5 492 509 515 530 - 531 5 6 21 23
6 57 451 508 6 451 461 462 463 464 6 1 2 2
7 213 206 419 7 206 207 207 207 207 7 0 - 1 - 1
8 26 798 824 8 798 808 810 841 841 8 1 33 33
9 ! 20 109 229 9 109 109 108 102 103 9 -1 -7 -6

10 19 416 435 10 416 473 474 480 474 10 1 7
11 130 37 167 11 37 36 39 47 48 11 3 11 12
12 80 173 253 12 173 175 181 187 187 12 6 12 11
13 101 919 1020 13 919 900 805 912 911 13 5 12 11
14 8 722 730 14 722 829 831 749 832 14 1 -80 3
15 43 1300 1343 15 1300 1287 1299 1293 1311 15 12 6 24
16 277 62 339 16 62 64 64 65 65 16 0 1 1
17 74 416 490 17 416 414 412 409 410 17 -2 -5
18 135 1006 1141 18 1006 1008 1012 1015 1015 18 4 7 7
19 8 359 367 19 359 344 347 328 352 19 3 -16 8
20 31 298 329 20 298 301 302 302 303 20 1 1 2

Sacramento Region Sacramento Region Sacramento Region
1-9) 606 3217 3823 subr. 1-9) 3217 3286 3292 3329 3338 (subr. 1-9) 6 44 51

Joaquin Region ;an Joaquin Region San Joaquin Region
10-13) 330 1545 1875 (subr. 10-13) 1545 1584 1600 1626 1619 (subr. 10-13) 16 41 35
Region Tulare Region ($ubr. Tulare Region (subr.

14-21) 754 4700 5454 14-21) 4700 4769 4789 4658 4815 14-21) 20 -111 45

1689 9463 11152 Total 9463 9639 9681 9613 9770 Total 42 -26 131

SOURCE:

CVGSM water use budget output data.





Attachment C

CVGM - LAND SUBSIDENCE CALIBRATION

PURPOSE

The purpose of this attachment is to document the development of land subsidence simulation
capability in the Integrated Groundwater Surface Water Model (IGSM) and its application to the
Central Valley Groundwater and Surface Water Model (CVGSM). This attachment is organized
in the following format:

- Background
- Historic Land Subsidence in the Central Valley
- Theoretical Formulation and Model Development
- Calibration of Land Subsidence

BACKGROUND

The Central Valley Groundwater-Surface Water Model (CVGSM) was originally developed for
the Bureau of Reclamation (Reclamation), California Department of Water Resources (DWR),
State Water Resources Control Board (SWRCB), and Contra Costa Water District (CCWD) in
1990. The model was developed to aid in analysis of various water management scenarios in the
Central Valley and their impacts on the surface water and groundwater resources in the valley.
The model has since been used in a number of projects and was selected as part of the analytical
tools to evaluate the alternatives in for the Programmatic Environmental Impact Statement (PEIS)
of the Central Valley Project Improvement Act (CVPIA).

As part of the analytical tools screening process, CVGSM was formally reviewed by the United
States Geological Survey (USGS) for calibration and for application of the saturated groundwater
flow component of the model. As a result of this review, development of the land subsidence
simulation routine was identified as a high priority item. This is especially important in some
areas of the San Joaquin Valley where up to 30 percent of historical withdrawals of groundwater
have been from inelastic aquifer storage, i.e., portion of aquifer storage contributing from the fine-
grained deposits. This would cause significant subsidence of the land surface, especially in the
west side of the San Joaquin Valley.

In 1995, Montgomery Watson was contracted to develop the land subsidence simulation routine
for CVGSM, and refine the calibration of the model for the hydrologic period 1922 - 1980. This
attachment documents the results of this .work.

HISTORIC LAND SUBSIDENCE IN THE CENTRAL VALLEY

There are five types of land subsidence that occur within the Central Valley.

1. Subsidence due to hydrocompaction of moisture-deficient deposits above the water table,
2. Land subsidence related to the withdrawal ofoil and gas,
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3. Subsidence caused by tectonic movements,
4. Subsidence caused by the oxidation and compaction of peat soils, and
5. Land subsidence caused by water level decline resulting in compaction of the aquifer
system.

The following is a brief description of each type of land subsidence.

Hydrocompaction

Near surface land subsidence commonly occurs on alluvial fans when water is applied to land that
has been dry since the units were deposited. The subsidence results fi:om the compaction of
deposits by an overburden load due to the clay bonds supporting the voids weakened by the
introduction of water for the first time. This process is called "hydrocompaction." The amount
ofhydrocompaction increases with an increase in the overburden load, but most often is located in
the upper 200 feet of deposits. Hydrocompaction has typically resulted in three to five feet of
subsidence, but up to 10 feet of subsidence has occurred in localized areas. It is estimated that
about 210 square miles of the western side of the San Joaquin Valley is susceptible to
hydrocompaction.

Oil and Gas Extraction

Land subsidence due to oil and gas extraction occurs in a few small areas of the San Joaquin
Valley west and south of Bakersfield. This type of subsidence has contributed less than 1 foot
during the period of leveling control. Prior to the leveling surveys, it is likely that amount of
subsidence was greater during periods of increased oil and gas production. Valley-wide, the total
amounts of subsidence fi:omoil and gas production are considered smaller and more localized
compared to subsidence due to groundwater extraction.

Tectonic Settling

Limited information is available about the rates of tectonic downwarping in the San Joaquin
Valley. If tectonic subsidence has continued uniformly since the Pleistocene, the rates would have
been too slow to affect bench marks during the historical span of the leveling control.

There is evidence that the "stable bedrock" in the Coast Range and the Tehachapi Mountains have
experienced tectonic movements of up to 0.8 feet. These tectonic movements may have affected
the computed elevations of the bench marks in the valley.

Oxidation of Peat Soils

The organic soils of the Sacramento-San Joaquin Delta have been cultivated since the 1850s.
Between the 1850s and the 1920s a complex system of levees and channels was developed to
reclaim islands of this land for agriculture. ~ Originally the islands were at mean sea level, but
continued oxidation of the peat soils, compaction by tillage machinery, shrinkage by drying,
burning, and wind erosion caused the land surface to subside. By 1952 about 450 square miles
had subsided, and up to one-third of the area was 10 to 15 feet below sea level.
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Water Level Decline due to Excessive Groundwater Pumping

This type of land subsidence is due to compaction of sediments which results fi:om an increase in
the effective stress. The increase in effective stress generally occurs due to a corresponding
decline in water table or piezometric heads as a result of increase in groundwater pumping. The
theory of effective stress was first introduced by Terzaghi in 1925, and then refined by Poland
(1975).

In the Sacramento Valley, land subsidence has occurred in Yolo and Colusa Counties, with land
subsidence levels of up to 3.5 feet. In areas east of Zamora and west of Arbuckle, subsidence
levels of about four feet has been documented.

The withdrawal of groundwater causes an increase in the grain-to-gain pressure in the aquifer,
because the partial support provided by the pore water has been removed. This increased pressure
may cause water to be squeezed out of the clay interbeds that lie within the aquifer, thus causing
permanent compaction of those interbeds. The increases in stress applied to the sediments by
groundwater mining have developed as an increase in seepage stresses on the confined aquifer
system.

More details of historic land subsidence in the San Joaquin Valley are included in the next section.

This type of land subsidence is the most significant one in the Central Valley. In addition, the
historic land subsidence in the San Joaquin Valley has been much more significant than that in the
Sacramento Valley. As such, for the purposes of alternative analysis in the CVPIA PEIS, the
Central Valley Groundwater Surface Water Model (CVGSM) is used to simulate the aquifer
compaction due to water table or piezometric head declines.

Historic Land Subsidence due to Groundwater Withdrawal

Between 1926 - 1970 the United States Geological Survey CLISGS) estimates that 15.6 million
acre-feet (mat) of subsidence due to groundwater pumping occurred in the San Joaquin Valley,
California (Poland, 1975). The three primary areas of land subsidence due to groundwater
extraction in the San Joaquin Valley shown on Figure C-1 include the: Los Banos-Kettleman City
area located in western Fresno County, the Tulare-Wasco area in Tulare County, and the Arvin-
Maricopa Area in Kern County. About 14 mafofthe total subsidence occurs in these three
primary areas. The location and amount of subsidence in the San Joaquin Valley for the 1926 -
1970 period is shown in Figure C-2. The estimate of total subsidence is based on measuring the
cumulative volume of subsidence that occurred between leveling control surveys. Leveling data
in the San Joaquin Valley dates back to 1902, but valley wide bench-mark leveling control surveys
began in 1956. In 1948 the USGS, National Geodetic Survey, Bureau of Reclamation, and other
interested agencies established a bench-mark network in the Tulare-Wasco Area. Similar
networks were established in the Los Banos-Kettleman City Area in 1955 and the Arvin-Maricopa
Area in 1957.
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FIGURE C-1

AREAS OF THE SAN JOAQUIN VALLEY AFFECTED BY LAND SUBSIDENCE
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FIGURE 0-2

REPORTED LAND SUBSIDENCE IN THE SAN JOAQUIN VALLEY FOR 1926-1970
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By 1970, 4,300 square miles of the valley had subsidence in excess of one foot, and it is estimated
that an additional 900 square miles were affected by less than one foot of subsidence, bringing the
total area affected by subsidence to about 5,200 square miles. Areas that have observed less than
one foot of subsidence should be considered with caution due to uncertainty of measurements
during leveling surveys that can be compLicated by the distance to bedrock ties, the stability of
bedrock ties, instruments used, order of accuracy required, and adjustment procedures. Thus,
areas of less than one foot of subsidence are not considered in the 15.6 mar estimated value.
Based on the estimated volume and areal extent of subsidence, by 1970 an average of about 5.5
feet of subsidence has occurred over the entire 4,300 square miles oftbe San Joaquin Valley with
a maximum subsidence of almost 30 feet.

By the late 1960s surface water deliveries to each of the three areas resulted in a reduction in
groundwater pumping and corresponding land subsidence. During the drought of 1976 - 1977
when surface water imports were reduced, groundwater pumping increased to previously high
levels, inducing additional subsidence.

The following is an excerpt of historic land subsidence in the three major affected areas.

Los Banos-Kettleman City

It is estimated (Poland, 1972) that between 1926 and 1970, about 2,400 square miles of the Los
Banos-Kettleman City Area had been affected by about 9.6 rnaf of subsidence, about two-thirds of
the total subsidence of the entire San Joaquin Valley. During this same time there was
approximately 28.5 rnilh’on acre-feet ofpumpage in this area, about 3 times the amount of total
subsidence. This suggests that one-third of the groundwater pumped between 1926 and 1969 was
derived from compaction of the aquifer system (Poland, 1975). Based on the estimated areal
extent and volume of subsidence, the entire 2,400 square mile area averaged about 6.3 feet of
subsidence by 1970.

This area experienced rapid subsidence until the late 1960s, during which time groundwater was
the primary source for agricultural purposes. In 1967 the Federal San Luis Project began
supplying surface water to the area and reduced the demand on groundwater. The area north of
Los Banos has historically met agricultural water needs with a combination of groundwater,
surface water from the San Joaquin River basin, and imported water via the Delta-Mendota Canal
(beginning in 1951). As a result, little indication of subsidence has occurred in this area due to
groundwater mining. South of Kettleman City agriculture had not been developed due to poor
groundwater-quality. It was only after 1970, when California Aqueduct deliveries began to this
area that agriculture took root. Thus no indication of land subsidence are obvious there.

Tulare-Wasco

For the 1926 - 1970 period, the total land subsidence for the Tulare-Wasco Area was about 3.3
maf. Due to a lack of groundwater pumping data there is no correlation the groundwater
pumping in this area. By 1970 an estimated 1,400 square miles had been affected by subsidence,
with about 1,200 square miles experiencing at least one foot of subsidence. Based on the
estimated areal extent and volume of subsidence, the entire 1,400 square mile area had undergone
about 4.2 feet of land subsidence by 1970.

CVGSM M/M C-6 September 1997

C--083757
C-083757



Draft PEIS Attachment C

This area is also served partially by the Friant-Kern Canal which began delivering water in 1950.
Even after this importation of surface water, subsidence continued in local areas which continued
to rely on groundwater. Almost half of the total subsidence in this area occurred between 1960
and 1970.

Arvin-Maricopa

For the 1926 - 1970 period, the total estimated land subsidence in Arvin-Maricopa Area totaled
about 1.1 mar. This occurs over an area of about 700 square miles. By 1950 much of the
agricultural land in production was irrigated with groundwater. There is no correlation available
between estimated land subsidence and groundwater pumping due to lack of pumping data for the
1926 - 1970 period. When the California Aqueduct water delivery to this area began in 1971,
groundwater levels started to recover in response to reduced groundwater pumping. Shortly
afterward, subsidence rates began decreasing as well. Based on the estimated areal extent and
volume of subsidence by 1970 an average of 2.4 feet occurred in the 700 square mile area.

THEORETICAL FORMULATION AND MODEL DEVELOPMENT

The fundamental basis for simulation of land subsidence is based on the aquifer-system
compaction methodology described by Leake and Prudic (1988). In general, withdrawal of water
fi’om aquifer systems which contain large percentage of fine-grained material and operate under
hydrostatic pressure may result in compaction of the fine-grained material (i.e., clay and silt).
This dewatering may cause permanent compaction when heads decline beyond historical minimum
values, initiating permanent subsidence of the land surface. The fine grained material which exists
in the form of poorly permeable beds within the relatively permeable aquifer system are generally
termed "interbeds." The interbeds are of relatively small thickness, do not possess large areal
extent, and have relatively low hydraulic conductivity compared to the encompassing aquifer
material.

The aquifer compaction theory as simulated in the CVGSM is discussed in detail in by Leake and
Prudic (1988). This section focuses on the methodology used in CVGSM for such simulation.

The IGSM uses the piezometric head at each node computed at each time step to compare against
the preconsolidation head. In the event that the piezometric head drops below the
preconsolidation head, the aquifer compaction module is activated for that node to compute the
land subsidence for that time at that node. Figure C-3 shows the flow chart of this process. The
IGSM code used for the CVPIA is version 3.2, April 1996.

CALIBRATION OF LAND SUBSIDENCE

The goal of the aquifer compaction calibration process was to simulate the rate and geographic
distribution of land subsidence as closely to the reported values as possible. Upon development of
the CVGSM data sets for the aquifer compaction module, the model was calibrated. Parameters
used in refinement of model calibration for land subsidence are the elastic and inelastic storage
coefficients, interbed thickness and their minimum values, and preconsolidation heads.
Compaction of the aquifer deposits begins when the head in the aquifer layer drops below the
preconsolidation head. Water levels dropping below this value induce compaction of
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LAND SUBSIDENCE METHODOLOGY INCORPORATED IN CVGSM
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deposits and establish a new preconsolidation head. Values ofinterbed thickness and
preconsolidation heads for each layer are initially estimated based on the USGS Regional Aquifer
System Analysis (RASA) model (Williamson et al., 1989). These values were then refined for
each layer during the calibration process to accommodate the geographic distribution of land
subsidence.

Calibration Results

Unlike the period used in the hydrologic calibration CVGSM (1970 - 80), the land subsidence
module is calibrated over the period 1922 - 1970. This period is used for the subsidence
calibration because much of the historic land subsidence occurred during this period due to
smaller surface water availability in the San Joaquin Valley. As such much of the estimates of
total subsidence are also available for this period. For purposes of land subsidence calibration, all
other historical data sets, including the groundwater pumping estimates, are the same as those
used in the original development of CVGSM in 1990. Some modifications to the aquifer
parameters were required to include the land subsidence parameters. The purpose of this
modification was to allocate the withdrawals from groundwater to elastic and inelastic portions of
the aquifer system, with minor impacts on the groundwater levels at the calibration points (wells)
and!or water budgets, during the calibration period.

Based on available information land subsidence calibration results suggest that the model is
capable of simulating historic regional land subsidence. Figures C-4 through C- 11 show the
extent of reported and simulated land subsidence in the model area. Comparison of these figures
show reasonable simulation results of the model area for the geographic distribution of land
subsidence.

The total volume of land subsidence simulated in the San Joaquin Valley by the model during the
1922 - 1970 period is 9.1 mar. During the same period the total volume reported by USGS
(Poland, 1975) is approximately 15.6 mar. A discrepancy of 6.5 mafexists between the model
estimated subsidence and previous estimates by USGS. However, the geographic distribution and
maximum depths of subsidence appear to be much closer to the reported values. This discrepancy
in the total volume reported could be due to many factors some of which are:

1. The simulated aquifer compaction is a function of withdrawals from the aquifer during the
1922 - 1970 period. Pumping records for the 1922 - 1961 period in CVGSM are estimated
based on the correlation with urban and agricultural water use estimates. Any uncertainty in
the groundwater pumping estimates would impact the volume of land subsidence simulated by
the model.

2. The interbed thickness values used for the simulation of land subsidence area based on
regional maps generated by the USGS. These maps are produced on a basis of a very small
number of localized measurements and may not represent the regional stratification of the
interbed thickness.
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FIGURE C-4

EXTENT OF REPORTED 1-FOOT LAND SUBSIDENCE FOR THE 1922-1970 PERIOD
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EXTENT OF REPORTED 8-FEET LAND SUBSIDENCE FOR THE 1922-1970 PERIOD

CVGSM M/M C-11 September 1997

C--083762
C-083762



Draft PEIS                                                              Attachment C

..... ,"~":, ~, I " \
~’ ’:,,, ’. \ ," ~ i ..7,,,.,.... ,,.. ........

".i’: ,],::,:t ’::’"’"[’~’?..

Z! ~ ......................::[i:i CVGSM
i;:(,.,. \ :~... "    Model Boundary

":~ .... -Sacramento .... CVGSM
’.. ~ ..~ ’ .....................Subregion Boundary

~an
Francisco

¯
~.~ .....

~,. ,L,,,: ~:~ i.,

.... .: .............~,: ,,~" .:~ .~.~

,.::.~.;.:~.,~..~.....’.’. ........ ..................
. "~ ~

I

~ I ""’ .... ;’" :

N ’:::!~?"~" ........~ .... "- -, - ~" -~ ’

~ ’"~ Wasc,o,~ ." 75’"::":

...... ¯ >"~"~’~

0 32

APPROX. SCALE IN MILES ~ .... "

FIGURE C-6

EXTENT OF REPORTED 12-FEET LAND SUBSIDENCE FOR THE 1922-1970 PERIOD
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FIGURE C-7

EXTENT OF REPORTED 24-FEET LAND SUBSIDENCE FOR THE 1922-1970 PERIOD
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EXTENT OF SIMULATED 1-FOOT LAND SUBSIDENCE FOR THE 1922-1970 PERIOD
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FIGURE C-10

EXTENT OF SIMULATED 12-FEET LAND SUBSIDENCE FOR THE 1922-1970 PERIOD
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3. The pre-consolidation heads used area estimates of groundwater levels prior to 1922 water
year. Although these values are refined during calibration, the geographic distribution of water
levels prior to major developments in the valley are not documented well for modeling
purposes.

4. The reported land subsidence values are based on leveling measurements at various points in
time and space. Errors in reported land subsidence could be due to changes in leveling
methodology and available technology over time, and introduction of measurement error.

5. The simulation of land subsidence is based on withdrawals fi:om the aquifer. As discussed
previously, in some areas within the valley, land subsidence has occurred due to other
phenomena. Although these may not have been significant relative to the pumping effects, the
cumulative effect of neglecting such phenomena impacts the errors in the aquifer compaction
simulation.

6. Studies of historic land subsidence suggest that eastside San Joaquin Valley interbeds do not
undergo as much compaction for a given drop in groundwater levels, compared to westside
San Joaquin Valley interbeds. This may be attributed to an environment of deposition on the
west side in which clays were substantially saturated when buried, but clays on the east side
were often dried and dessicated before burial. This difference is represented in the model by a
difference in the inelastic storage coefficient. CVGSM assigns regional inelastic storage
coefficients across the valley. Refinement of this regional parameter may contribute to
improvements in the subsidence calibration.

SUMMARY AND CONCLUSIONS

The Central Valley Ground and Surface Water Model (CVGSM) is a valley-wide planning model
to evaluate the regional impacts of alternative operations of the water resources systems on the
groundwater and surface water resources. As part of the CVPIA PEIS analytical tools
development, a land subsidence module has been added to the CVGSM to simulate the
compaction of aquifer system due to head declines because of groundwater withdrawals.

The land subsidence module is calibrated for the hydrologic period 1922 - 1970. The simulated
extent and depth of land subsidence agrees reasonably well with those reported by USGS.
However, the total volume of subsidence simulated by the model is less than the reported value.
This discrepancy may be due to any number of factors in the model simulated values, as well as,
the reported ones by USGS.

Because CVGSM is used as a regional planning tool for analysis of relative impacts of alternatives
in the CVPIA PEIS, it is concluded that CVGSM land subsidence module is an appropriate tool
for analysis of impacts of alternative scenarios on land subsidence in the valley. The subsidence
results for the PEIS alternatives are reported as differences in simulated subsidence between the
No-Action Alternative Run run and each alternative run, .aggregated to the subregion level. Site-
specific subsidence analysis is beyond the scope of the PEIS, and was not attempted.
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